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ABSTRACT: Three new species viz., Torymus himachalicus Narendran and Sureshan 
sp. nov., T. stom Narendran and Sudheer sp. nov. and T. absonus Narendran and 
Kumar sp. nov. parasitic on galls of Oak trees from Himachal Pradesh are described. 
Seven species have been reported from the Indian subcontinent viz., T. calcaratus 
(Nees) (=Diomorus calcaratus (Nees)), T. chaubattiensis Bhatnagar, T. cupreus 
(Spinola) (=Diomorus cupreus (Spinola)), T. indicus (Ahmad)(=Diomorus orientalis 
Masi), T. nepalensis Narendran, T. orissaensis (Mani) and T. sharmai Sureshan 
and Narendran. Key to the ten species of the genus Torymus Dalman of Indian 
subcontinent is also provided. (c) 2005 Association for Advancement of Entomology 


INTRODUCTION 


Dalman (1820) erected the genus Torymus with Ichneumon bedeguaris Linnaeus 
as its type species. Narendran (1994) studied the species of Torymus Dalman of 
Indian subcontinent and Grissell (1995) revised the world species. While revising 
the European species of Torymus, Graham and Gijswijt (1998) synonymised the 
genus Diomorus Walker under Torymus. Out of eleven species known from the 
Oriental region (Noyes, 2004), the species viz., T. calcaratus (Nees) (=Diomorus 
calcaratus (Nees)), T. chaubattiensis Bhatnagar, T. cupreus (Spinola) (2Diomorus 
cupreus (Spinola)), T indicus (Ahmad) (2Diomorus orientalis Masi), T. nepalensis 
Narendran, T orissaensis (Mani) and T. sharmai Sureshan and Narendran have been 
reported from the Indian subcontinent (Sureshan and Narendran, 2002). Besides three 


*Corresponding author 


© 2005 Association for Advancement of Entomology 


112 T. C. Narendran et al. 


new species from Himachal Pradesh, a key to the ten species from Indian subcontinent 
is also provided. 

All type specimens are deposited in T.C.N collections in the Systematic Entomology 
Laboratory, Department of Zoology, University of Calicut (DZUC) for the time being 
but eventually will be transferred to the Western Ghats Regional Station, Zoological 
Survey of India, Kozhikode (ZSIK). 

Abbreviations used: DZUC = Department of Zoology, University of Calicut; F1- 
F7 = Funicular segments | to 7; MV = Marginal Vein; OOL = Ocellocular distance; 
PMV = Post marginal vein; POL = Postocellar distance; SMV = Submarginal vein; 
STV = Stigmal Vein; ZSIK = Zoological Survey of India, Western Ghats Regional 
Station, Kozhikode. 


Torymus himachalicus Narendran and Sureshan sp.nov. (Figs 1-6) 
Female 


Length 1.89 mm. (excluding ovipositor sheath); ovipositor sheath 1.41 mm. Body 
blackish brown with metallic green reflections; antenna dark brown except base of 
scape yellowish brown; eye blackish brown; ocelli yellowish brown, pinkish red 
in certain lights; extreme tips of all femora yellowish brown; all trochanters dark 
yellowish brown; hind tibia dark brown except at extreme tips paler; fore tibia, mid 
tibia and all tarsal segments yellowish brown except last tarsal segments and claws 
dark brown; wings hyaline; venation brown; ovipositor brownish yellow; ovipositor 
sheath blackish brown. 


Head 


Width (Fig. 2) 1.08x its median length up to lower clypeal margin (excluding 
mandibles); width in dorsal view (Fig.3) 3.45x its median length; eyes bare; POL 
2.3x OOL;; head rather granuloso-striate (Fig. 2); clypeus smooth; malar space 0.28x 
length of eye; malar sulcus distinct; head with moderately dense pubescence. Antennal 
formula 11173 (Fig. 1); antenna with toruli well above lower eye line, slightly nearer 
to clypeus than to median ocellus; relative measurements of length: width of antennal 
segments: scape—27.5:8; pedicel=11:5.5; anellus=2.5:4.5; Fl=12:8; F2=7.5:8.5; 
F3=8:9; F4=10:9; F5—9:9.5; F6=8:9; F7=11:9.5; clava=24:11; scape not reaching 
median ocellus; clava shorter than three preceding segments combined; sensilla 
numerous. 


Mesosoma 


Rather strongly convex; pronotum and mesoscutum with dense pubescence except 
at lateral part of pronotum; median width of pronotum 4.35x its median length 
(Fig. 4); pronotum, mesoscutum and scutellum with transverse striations; pronotal 
collar rounded anteriorly. Mesoscutum width 1.22x its median length (Fig. 4); notauli 
deep. Scutellum length 0.91x its width. (Fig. 4), and sparsely long hairs; frenal 
groove well defined; frenum and metanotum almost smooth; propodeum as in Fig. 5, 
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0.5 mm 


FIGURES. 1-6: Torymus himachalicus Narendran and Sureshan sp. nov. (Figs 1-5: Female): |. Body 
profile - lateral view, 2. Head-front view, 3. Head-dorsal view, 4. Pronotum. mesoscutum and scutellum, 


5. Propodeum, 6. Male antenna. 


smooth, spiracle oval shaped, lateral margin with few long hairs; metapleuron and 
mesepimeron smooth without hairs; epimeron with distinct reticulations visible in 
certain lights; mesepisternum with faint transverse striations (Fig. 1), medially with 
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a row of hairs (Fig. 1). Hind coxa stout, length 2.8x width. Forewing (Fig. 1) length 
2.39x its maximum width; SMV 1.85x MV; MV 4.46x PMV; PMV 1.07x STV; SMV 
with a row of dorsal setae as in Fig. 1. 


Gaster 


Sessile (Fig. 1); shorter than mesosoma (0.95x); ovipositor sheath 1.63x length 
of gaster; exserted part of ovipositor distinctly shorter than combined length of 
mesosoma and gaster (0.8x); pilosity on ovipositor sheath moderately long. 


Male 


Length 1.64 mm. Differs from female in colour which is more dark; length of antenna 
smaller, thick setae present at tip of each funicular segments (Fig. 6). 


Host 


Round gall on leaf of Oak trees. 


Material examined 


Holotype: Female: India, Himachal Pradesh, Korgu, Sarahan (2165 metres, 31°31’N 
77°48'E), Shimla, 20.v.2004, Coll. S. Chakrabarti. 


Paratype 


| male, same data as for holotype. 


Etymology 


The species name is after Himachal Pradesh, the state from where the specimens are 
collected. 


Remarks 


This new species resembles T. sharmai Sureshan and Narendran in having (1) Eyes 
bare, (2) Ovipositor sheath distinctly longer than gaster, (3) Frenal area almost shiny 
and (4) Propodeal median carina absent. However, this species differs from T. sharmai 
in having (1) Gaster sessile (in T.sharmai gaster with a very short petiole); (2) Frenal 
groove present (in T. sharmai frenal groove absent) and (3) POL 2.3x OOL (in T. 
sharmai POL 2.5x OOL). 

This new species also resembles 7: stom Narendran and Sudheer sp. nov. in having 
(1) Gaster sessile, (2) Clava distinctly shorter than three preceding segments combined 
and (3) exserted part of ovipositor distinctly shorter than the combined length of head 
and mesosoma. However, this species differs from T. stom sp. nov. in having (1) 
Frenal groove present (in T. stom frenal groove absent); (2) Fore wing length 2.39x 
its maximum width (in T. stom fore wing length 2.64x its maximum width); (3) SMV 
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0.5 mm 


| mm 


FIGURES. 7-11: Torymus stom Narendran and Sudheer sp. nov. female. 7. Body profile — lateral view, 
8. Head- front view, 9. Head- dorsal view, 10. Pronotum, mesoscutum and scutellum, 11. Propodeum. 


1.85x MV(in T. stom SMV 1.48x MV); (4) Gaster shorter than (0.95x ) mesosoma (in 
T. stom gaster longer than mesosoma ); (5) Ovipositor sheath 1.63x length of gaster (in 
T. stom ovipositor sheath 1.29x length of gaster) and (6) Hind femur blackish brown 
with metallic green reflections except at tips (in T. stom hind femur yellowish brown). 


Torymus stom Narendran and Sudheer sp. nov. (Figs 7-11) 
Female 


Length 3.24 mm. (excluding ovipositor sheath); ovipositor sheath 1.94 mm. Body 
blackish brown with metallic green reflections; antenna brown except scape yellowish 
brown; eye brown; ocelli pale yellowish brown; tegula yellowish brown; legs yellowish 
brown except all coxae dorsobasally and claws brown; wings hyaline; venation pale 
brown; ovipositor yellowish brown; ovipositor sheath blackish brown. 
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Head 


Width (Fig. 8) 1.16x its median length up to lower clypeal margin (excluding 
mandibles); width in dorsal view (Fig. 9) 2.8x its median length; eyes bare; POL 
2.3xOOL; head rather granuloso-striate (Fig. 8); clypeus smooth; malar space 0.25x 
length of eye; malar sulcus distinct; head with moderately dense pubescence. Antennal 
formula 11173 (Fig. 7); antenna with toruli well above lower eye line, slightly 
nearer to clypeus than to median ocellus; relative measurements of length: width 
of antennal segments: scape=27.5:5.5; pedicel=10.5:5; anellus=2:3.5; Fl=12:6; 
F2=10:7; F3=8.5:7; F4=8:7.5; F5=8:7.5; F6=7.5:7; F7=6:7; clava=18:7.5; scape 
not reaching median ocellus; clava distinctly shorter than three preceding segments 
combined; sensilla numerous. 


Mesosoma 


Rather strongly convex; pronotum and mesoscutum with dense pubescence except at 
lateral part of pronotum; median width of pronotum 4.95x its median length (Fig. 10); 
pronotum, mesoscutum and scutellum with transverse striations, striations weaker on 
frenal area; pronotal collar rounded anteriorly. Mesoscutum width 1.68x its median 
length (Fig. 10); notauli deep. Scutellum length 1.06x its width (Fig. 10), with sparsely 
long hairs; frenal groove absent; propodeum (Fig. 11) largely smooth, laterally with 
faint striations, median carina absent, spiracle oval shaped, lateral margin with few 
long hairs extending towards posterior margin; metapleuron and mesepimeron smooth 
without hairs except at posterior margin of metapleuron near to hind coxa;epimeron 
with distinct reticulations visible in certain lights; mesepisternum with transverse 
striations with moderate hairs. Hind coxa stout, length 2.85x width, anterior dorsal 
portion with striations, dorsal area near to trochanter having few long hairs. Fore wing 
(Fig. 7) length 2.64x its maximum width; SMV 1.48x MV; MV 4.4x PMV; PMV 1.5x 
STV; SMV with a row of dorsal setae as in Fig. 7, speculum bare; cubital line of setae 
extending to cubital cell. 


Gaster 


Sessile (Fig. 7); longer than mesosoma (1.07x); ovipositor sheath 1.29x length 
of gaster; exserted part of ovipositor distinctly shorter than combined length of 
mesosoma and gaster (0.66x); pilosity on ovipositor sheath moderately long. 


Male 


Unknown. 


Host 


Round gall on leaf of Oak trees. 


Three new species of Torymus 117 


Material examined 


Holotype: Female: India, Himachal Pradesh, Shogi (1597 metres, 31?3'N 77?7'E), 
Shimla, 12.111.2004, Coll.S.Chakrabarti. 


Paratypes 


3 females, same data as for holotype. 


Etymology 


The species name is arbitrary combination of letters. 


Remarks 


This new species closely resembles 7: sharmai Sureshan and Narendran in having 
(1) Eyes bare, (2) Ovipositor sheath distinctly longer than gaster, (3) frenal groove 
absent and (4) Propodeal median carina absent. However, it differs from the same 
in having: (1) Gaster sessile (in T. sharmai gaster with a very short petiole); (2) 
Body length 3.24 mm (excluding ovipositor sheath) (in T. sharmai body length 
1.8 mm (excluding ovipositor sheath)); and (3) Ovipositor sheath length 1.94 mm 
(in T. sharmai ovipositor sheath length 1 mm). 


Torymus absonus Narendran and Kumar sp. nov. (Figs 12-16) 
Female 


Length 2.58 mm. (excluding ovipositor sheath); ovipositor sheath 3 mm. Body 
blackish brown with metallic green reflections; antenna dark brown except base of 
scape yellowish brown; eye brown; ocelli yellowish brown, with red reflections; 
extreme tips of all femora, fore and mid tibia, extreme tips of hind tibia, first four 
tarsal segments of all legs and ovipositor yellowish brown; hind tibia in middle, fifth 
tarsal segments of all legs, claws and ovipositor sheath dark brown; wings hyaline; 
SMV pale brown: MV, STV and PMV dark brown. 


Head 


Width (Fig. 13) 1.42x its median length up to lower clypeal margin (excluding 
mandibles); width in dorsal view (Fig. 14) 2.62x its median length; eyes bare; 
POL 2x OOL; head rather granuloso-striate (Fig. 13); clypeus smooth; malar space 
0.37x length of eye; malar sulcus distinct (Fig. 13); head with moderately dense 
pubescence. Antennal formula 11173 (Fig. 12); antenna with toruli well above lower 
eye line, length between toruli and clypeus almost equal to length between toruli 
and median ocellus; relative measurements of length: width of antennal segments: 
Scape—22:5; pedicel=10:4.5; anellus=2:3.5; FI —8.5:6.5; F2=11:7.5; F3=10.5:7; 
F4=8:7.5; F5=8:8; F6—9:8; F7=8:8; clava=18:7; scape not reaching median ocellus; 
clava distinctly shorter than three preceding segments combined; sensilla numerous. 
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0.5 mm 


0.5 mm 


FIGURES. 12-16: Torymus absonus Narendran and Kumar sp. nov. female. 12. Body profile — lateral view, 
13. Head-front view, 14. Head-dorsal view, 15. Pronotum, mesoscutum and scutellum, 16. Propodeum. 


Mesosoma 


Rather strongly convex; pronotum and mesoscutum with dense pubescence except 
at lateral part of pronotum; pronotal collar rounded anteriorly; median width of 
pronotum 3.33x its median length (Fig. 15); pronotum, mesoscutum and scutellum 
with transverse striations. Mesoscutum width 1.7x its median length (Fig. 15); notauli 
deep. Scutellum length 0.86x its width (Fig. 15); sparsely setose; frenal groove well 
defined; frenum and metanotum smooth; propodeum as in Fig. 16; metapleuron and 
mesepimeron smooth without hairs except at posterior margin of metapleuron near to 
hind coxa; epimeron with distinct reticulations visible in certain lights; mesepisternum 
with transverse striations, with moderate hairs. Hind coxa stout, length 2.62x width, 
anterior dorsal portion with faint striations, tending to be reticulate; dorsal area near 
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to trochanter having few long hairs (Fig. 12). Fore wing (Fig. 12) length 2.59x its 
maximum width: SMV 1.51x MV; MV 4.14x PMV; PMV I.4x STV; SMV with a row 
of dorsal setae; speculum bare. 


Gaster 


Sessile (Fig. 12); shorter than mesosoma (0.95x); ovipositor sheath 2.6x length of 
gaster; exserted part of ovipositor distinctly longer than combined length of mesosoma 
and gaster (1.07x); pilosity on ovipositor sheath moderately long. 


Male 


Unknown. 


Host 


Finger galls on leaf of Oak trees. 


Material examined 


Holotype: Female: India, Himachal Pradesh, Shogi (1597 metres, 31°6’N 77? 10'E), 
Shimla, 12.ii1.2004, Coll.S.Chakrabarti. 


Paratype 


l Female: India, Himachal Pradesh, Jhungi (2220 metres, 31?32'N 76°54’E), Sunder- 
nagar, 24.11.2004, Coll. S.Chakrabarti. 


Etymology 


The species name is taken from latin meaning "different". 


Remarks 


This new species is similar to T: nepalensis Narendran in having (1) Length of 
exserted part of ovipositor distinctly longer than body (2) Frenum smooth and shiny 
(3) POL 2x OOL and (4) Propodeal median carina absent. However it differs from 
T. nepalensis in having (1) Length of body (excluding ovipositor) 2.58 mm (in T. 
nepalensis Length of body (excluding ovipositor) 4.88 mm); (2) Length of ovipositor 
3 mm (in T. nepalensis length of ovipositor 6.89 mm); (3) Frenal groove present (in 
T. nepalensis frenal groove absent) and (4) Gaster (excluding ovipositor) distinctly 
shorter than (0.9x) mesosoma (in T. nepalensis gaster (excluding ovipositor) distinctly 
longer than mesosoma). 
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Key to species of Torymus Dalman of the Indian subcontinent 


l. 


2. 


Hind femur with distinct subapicaltooth................................... 2 
Hind femur without subapicaltooth....................................... 4 


Head and thorax coppery red or honey red, deeply and umbilicately punctate; 
gaster with purple green reflections; fore wing distinctly darkened; STV ex- 
panded apically; all femora rusty brown with purple reflections; ovipositor as 
lone gS Baste y ice ode tre ddd x e PI EP kausaspa T. cupreus Spinola 
Characters not as in above combination, partly or completely different........ 3 


. Length of exserted part of ovipositor distinctly more than length of body; antenna, 


mandible, all tibiae, mid femur and ovipositor rusty brown or black, generally 
bright metallic green with bluish and violet tinge on parts; MV a trifle longer 
than -3x PMV 2 cece tiadwesiaawias ERA waqanqa sau Reid T. calcaratus Nees 
Length of exserted part of ovipositor distinctly less than length of body; scape 
with yellow colour on all sides or on ventral side; other characters not as in above 


combination, partly or completely different ................. T. indicus Ahmad 
. Length of exserted part of ovipositor distinctly more than length of body...... 5 
Length of exserted part of ovipositor distinctly less than length of body....... 7 


. F1 anelliform so that antenna appears to have two ring segments; body black 


to dark green; femora brownish violet; tibiae and tarsi brown; gaster black 
T. orissaensis (Mani) 


Characters not as in above combination, partly or completely different........ 6 
. Frenal groove absent; gaster (exclusing ovipositor) distinctly longer than meso- 

SOMA: iubssxd pae E UR yka qu ecce e aie a eed Adobe e v owas T. nepalensis 

Narendran 

Frenal groove present (Fig. 15); gaster (exclusing ovipositor) distinctly shorter 

than (0,9x) mesosoma .............. T. absonus Narendran and Kumar sp. nov. 
. Eyes pubescent; ovipositor sheath a little shorter than gaster... T. chaubattiensis 

Bhatnagar 

Eyes bare; ovipositor sheath distinctly longer than gaster..._................. 8 


. Gaster with a very short petiole; hind coxal length 2.5x width; POL 2.5x OOL; 


clava almost as long as three preceding segments combined ...... T. sharmai 
Sureshan and Narendran 

Gaster sessile; hind coxal length 2.8-2.85x width; POL 2.3x OOL; clava distinctly 
shorter than three preceding segments combined............................ 9 


. Frenal groove present (Fig. 4); fore wing (Fig. 1) length 2.39x its maximum 


width; SMV 1.85x MV; ovipositor sheath 1.63x length of gaster; hind femur 
blackish brown with metallic green reflections except at tips... . T. himachalicus 
Narendran and Sureshan sp. nov. 

Frenal groove absent (Fig. 10); fore wing (Fig. 7) length 2.64x its maximum 
width; SMV 1.48x MV; ovipositor sheath 1.29x length of gaster; hind femur 
yellowish brown...................... T. stom Narendran and Sudheer sp. nov. 
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TORYMUS NEPALENSIS NARENDRAN 


Torymus neepalensis Narendran, 1994. Torymidae and Eurytomidae of Indian 
Subcontinent, 21. Lapsus calami. 


The original name Torymus neepalensis Narendran, 1994 is an incorrect original 
spelling since the correct spelling of the country is Nepal and not Neepal. Hence it 
is emended here as Torymus nepalensis Narendran as per Article No. 32.5 of the Code 
of Zoological Nomenclature. 
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ABSTRACT: Surveys carried out in the rural areas of Mysore and Mandya districts 
from February 2002 to January 2003 revealed 29 species of mosquitoes belonging to 
7 genera. Eleven species recorded were known vectors of malaria. dengue, Japanese 
encephalitis and filariasis. Breeding habitats were divided into three categories viz., 
(1) ground water habitats consisting of ground pools, tanks, rocky pools, paddy fields, 
stream beds, river beds and irrigation canals which yielded 22 species, (ii) habitats 
associated with plants such as of tree holes, fallen coconut shells and leaf sheaths, 
yielding 7 species and (iii) Domestic/peri-domestic habitats consisting of cement 
tanks, broken pots. metallic containers, plastic containers and tyres, providing 8 
species. Majority of Anopheline and Culicine species were found in ground water 
habitats. © 2005 Association for Advancement of Entomology 
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INTRODUCTION 


Mysore and Mandya districts lie between 76?19'E/77?20'E longitudes and 
12°16’N/13°14’N latitudes. Agriculture being extensive in this area, paddy and 
sugarcane are the major crops which receive water from the Krishnaraja Sagar dam 
on the river Cauvery. Earlier mosquito survey in certain regions of Karnataka state 
was done by Mishra et al. (1984); Ninge Gowda and Vijayan (1992); Geevarghese 
et al. (1994); Urmila et al. (1999). Mosquito borne diseases such as malaria and 
Japanese encephalitis are endemic in the area (Mourya ef al., 1989; Mishra et al., 
1984) in addition to a dengue epidemic (c. f. Gokhale et al., 2000). During immature 
stages different species of mosquitoes occupy the same habitat and form part of a 
single guild. The co-existence of more than one species in a habitat at a given time 
indicates that species of the same nature and preference interact with each other, 
breed simultaneously and invade the habitat for feeding and development. The degree 
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of association varies from habitat-to-habitat and within the habitat depending upon 
prevailing physico-ecological conditions. Keeping this in view the present study was 
undertaken during 2002-2003 in the villages of Mysore and Mandya districts to 
generate information on the diversity, association, seasonal prevalence and breeding 
habitats of mosquitoes. 


MATERIALS AND METHODS 


Immature stages of mosquitoes were collected every month during February 2002 
to January 2003 from their natural breeding habitats in rural areas of Mysore and 
Mandya districts. The villages include Madapura, Bilikere, Ilawala, Nanjangud, Thal- 
vadi, Siddalingapura, Naguvanahalli, Srirangapatna, Baburayanakoppalu, Palahalli, 
Hunsur and Bidarakote. Eggs collected from oviposition sites with hairbrushes were 
transferred into glass jars or test tubes containing water from the same oviposition 
sites and reared to adults for species identification. Larvae and pupae were collected 
by means of a dipper from ground water and wide-open habitats and with a Pasteur 
pipette from tree holes and other container habitats. These were transferred to plastic 
jars containing water from the same habitat and brought to Vector Biology Research 
Lab of the Zoology Department for rearing. Species identification was done follow- 
ing the keys of Christopher (1933), Barraud (1934), Ramachandra Rao (1974), Siri- 
vanakarn (1976); Huang (1979). Relationship between diversity of mosquito species 
and meteorological parameters was analysed by stepwise regression. 


RESULTS 


Pooled data from all the breeding habitats provided 29 species of mosquitoes belong- 
ing to 7 genera viz., Aedes, Anopheles, Armigeres, Culex, Ochlerotatus, Toxorhynchites 
and Uranotaenia (Table 1). Of the 29 species 22 were found to breed in ground wa- 
ter habitats. Plant habitats inhabited by 7 species identified were largely restricted to 
monsoon season. Eight species of mosquitoes were found in domestic/peridomestic 
habitats. Most of the Anopheles and Culex species were inhabitants of ground water 
habitats. Ground pools/tanks harbour the maximum number of species with high larval 
density. Obviously availability of species was more during the rainy season. An. culici- 
facies, An. stephensi, An. vagus, An. barbirostris, Ae. aegypti, Ae. albopictus, Cx. fus- 
cocephala, Cx. vishnui, Cx. tritaeniorhynchus, Cx. quinquefasciatus and Cx. fuscanus 
were found to breed in all the 3 seasons [Monsoon/rainy (June-September), postmon- 
soon/winter (October-January) and premonsoon/summer (February-May)]. Cx. fus- 
canus was found in all ground water habitats in association with one or more mosquito 
species. Toxorhynchites splendens was found in association with Aedes aegypti and 
Ae. vittatus in tyre habitat (Table 2). Cx. tritaeniorhynchus was found mainly in paddy 
fields and ground pools during monsoon and post-monsoon seasons. However in dry 
season, its larvae were collected from large ground water tanks and riverbeds. Ae. al- 
bopictus was found breeding in all types of domestic containers in addition to water 
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TABLE I. Rural mosquito species of Mysore and Mandya districts in relation to larval 
habitats (2002-03) 


Ground water habitats Plant habitats Domestic/peri-domestic habitats 


Ground Pools/ tanks | 
Broken pots 

Metallic containers 
Plastic containers 


Stream beds 
Leaf sheath 


Rocky pool 
Paddy Fields 
‘Tree holes 


| Imgation canal 
Tyres 


| River beds 


Specie Habitats 

Aedes aegypti 

Aedes albopictus 

Aedes vittatus 
Anopheles barbirostris 
Anopheles culicifacies 
Anopheles jamesi 
Anopheles phillipinensis 
Anopheles stephensi 
Anopheles subpictus 
Anopheles tesselatus 
Anopheles vagus 
Armigeres subalbatus + + + 
Culex bitaentorhynchus 
Culex fuscanus 

Culex fuscocephela 
Culex gelidus 

Culex hutchinsoni 
Culex infula + + + 
Culex mimulus 

Culex nigropunctatus 
Culex pallidothorax + 
Culex pseudovishnui 
Culex quinquefasciatus 
Culex tritaeniorhynchus 
Culex vishnui 
Ochlerotatus gubernataris 
Ochlerotatus pseudotaeniatus + 

Toxorhynchites splendens T 
Uranotaenia bicolor + 


gers 
+ + | Fallen coconut shells 
+ | Cement tanks 


+ 
++ 
+++ 
++ 
++ 
++ 
++ 
+ 
+ 


++ ++++-+ 
++ + 


++++ ++ +444 
+ ++ + 
++ + 
+ ++ 
+ 
+ 
+ 


+ 
+ 


collected in coconut shells and leaf sheaths of beetle nut. Cx. hutchinsoni was col- 
lected from a streambed. The density of Cx. fuscocephala and Cx. vishnui was high in 
the paddy fields (>35 larvae/dip). Cx. bitaeniorhynchus was found always associated 
with the green alga Oscillatoria sp. Domestic ground water pools behind the houses 
harboured Cx. gelidus in addition to Cx. quinquefasciatus and Cx. fuscanus. Stepwise 
regression analysis of diversity of mosquito species collected and meteorological data 
shows, humidity to be the most significant parameter for the diversity of mosquito 
species in different months/seasons (R2-38.7%) (Table 3, Fig. 1). 


TABLE 2. Association of mosquito species found in different larval habitats 
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Ochlerotatus pseudotaeniatus 
Tosiorhynchites splendens 


Uranotaenia bicolor 


Culex tritaeniorhyachus 
Ochlerotatus gubernatarix 


Culex quinquefasciatus 
Cider vishnui 


Culex pallidothorax 
Culex pseudovishnui 
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FIGURE I. Monthwise variations in the number of species correlated with humidity. 


TABLE3. Monthwise distribution of mosquito species related to meteorological data 
during February 2002 to January 2003 


Months No. of species Rainfall Max. Temp Min. Temp Humidity 

collected in a month (in mm) (in °C) (in °C) (%) 
February 12 0.0 33.2 15.0 50 
March 15 20.0 36.0 15.0 55 
April 17 70.0 35.8 17.0 59 
May 13 106.5 35.6 20.1 69 
June 18 146.5 32.5 19.3 72 
July 21 22.0 31.0 20.4 70 
August 25 51.0 31.5 18.6 68 
September 24 90.0 334 18.5 70 
October 15 160.0 32.0 18.5 76 
November 15 4.5 30.5 18.0 53 
December 12 0.0 29.9 14.2 47 
January ll 0.0 29.9 15.4 49 
Predictors B Std. error Beta t Sig R (percent) 
Constant —0.760 6.964 - —0.109 0.915 38.7 
Humidity 0.281 0.112 0.622 2.511 0.031 

DISCUSSION 


The present survey provides useful information on the prevalence of larval breeding 
habitats and association of different species along with seasonal fluctuations of 
mosquito species in the two important districts of Karnataka with endemicity to 
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different vector-borne diseases. Physiography and climate are the two well-known 
factors determining the seasonality of majority of mosquitoes (Prakash et al., 1998). 
In addition, irrigation facility has played an active role in the mosquito prevalence 
and density (Yadav et al., 1989). Of the 29 species recorded in the present survey, 
1] species are incriminated vectors of different diseases such as malaria, dengue, 
Japanese encephalitis and filariasis. Larval survey revealed heavy breeding of 
Culicine mosquitoes in the paddy fields as reported by Mishra ef al. (1984) and 
domestic/abandoned containers. Another major crop in the area is sugarcane, with its 
fields kept moist with stagnant water almost throughout the year which are known 
to provide ideal resting sites for mosquitoes (Rajgopalan and Work, 1969). During 
the present survey, it was seen that Ae. albopictus, Cx. tritaeniorhynchus and Cx. 
vishnui were found in association with 5, 9 and 10 species respectively (Table 2). 
Similarly Cx. fuscanus was found associated with 12 species in all the ground water 
habitats, which are in line with the results of Malhotra et al. (1987). Association 
between species may occur due to interspecific attraction and/or common preference 
for various physicochemical parameters. The density of An. culicifacies, a major 
malaria vector in these districts was also high in the region, especially paddy fields 
(> 15-20 larvae/dip). It is therefore, important to monitor the density of the vector 
species in different breeding sites and also their feeding preferences throughout the 
year to provide baseline data for understanding the epidemiology of vector-borne 
diseases. In line with our observations, Rajni Kant ef al. (1996) have reported the 
association of Cx. bitaeniorhynchus with green algae. Our observation parallels 
with that of Mattingly (1969) regarding the shifting of breeding habitats of Cx. 
tritaeniorhynchus, Cx. gelidus, Cx. vishnui, Cx. pseudovishnui to permanent water 
bodies like large ground water tanks, riverbeds etc., when temporary habitats such 
as ground pools, streambeds, paddy fields dry up during summer (premonsoon) or 
winter (postmonsoon). As reported by Yadav et al. (1989) in the present study, An. 
tesselatus was found breeding in ponds, pools, paddy fields and streambeds. 

For the successful implementation of any vector control programme it is essential 
to identify the breeding habitats of vectors and then work towards species sanitation. 
Mosquito breeding in domestic/peridomestic sources can be effectively controlled by 
introducing larvivorous fish and/or regular cleaning and covering the sources. Intro- 
ducing larvivorous fishes after proper deweeding can effectively control breeding of 
mosquitoes in ponds (instead of using hazardous chemical insecticides), in permanent 
pools and riverbeds. In order to control mosauito breeding in paddy fields besides the 
use of fish, other methods such as applicauon of biocides and intermittent irrigation 
and flushing of canals have to be evaluated and implemented. The study also pointed 
out the composition of large number of non-vector mosquito species as well, which 
are a major cause of nuisance in every village surveyed. 
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ABSTRACT: Characteristics of head, thorax, abdomen and other appendages; 
morphometric analysis, including male and female genitalia of Mythimna loreyi 
(Duponchel) and M. unipuncta (Haworth) have been studied and illustrate in detail. 
Key to the species has been framed by considering various morphological characters. 
© 2005 Association for Advancement of Entomology 


KEYWORDS: Mythimna spp. Characteristics feature, male and female, genitalia, 
morphometric 


INTRODUCTION 


The species of this genus are grass feeders and many have been reported as pests 
of graminaceous crops often being involved in armyworm outbreak. The host range 
include wheat, rice, rye, oat maize, sorghum, bajra, sugarcane and flax (Ghai et al., 
1979). These species are distributed throughout India (Sevastopulo, 1949), S. India 
(Ramakrishna Ayyar, 1963), Kerala, Orissa, W. Bengal (Rao et al., 1970). U. P., 
Himachal Pradesh (Nair, 1975). These species are now found abundant in Haryana 
and obtained there peaks in October (Rishi Kumar ef al., 2004). These species can 
be segregated from each other on the basis of colouration and pattern of wings. But 
in this investigation efforts have been made to separate these species on the basis of 
their genitalia because the external characters like colouration and pattern of wings 
are influenced by environmental factors. Although the female genitalia of this species 
have also been studies but this does not offer any significant characters for isolation of 
these species. So external character, morphometric analysis, wing venation including 
made and female genitalia of both these species has been studied and illustrated. 
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Earlier Franclemont (1951) and Rungs (1953) reviewed the member of this genus. 


MATERIAL AND METHODS 


Substantial number of specimens of both these species collected through light traps 
were taken for study under zoom-stereoscopic Binocular microscope by taking into 
consideration the taxonomically important characters. These specimens were then 
subjected to morphometric analysis. For studying wing-venation, both wings of same 
sides were detached from the body of adults by giving upward jerk followed by 
dipping them in 7096 alcohol for 10-12 hours. Descaled wings were then upgraded 
in alcohol eosine (90%) and were kept in stain for 3—4 hours and after complete 
dehydration, wings were maintained in DPX mountant on glass slides. 

The abdomen of male and female specimen of each species were detached with the 
help of fine forceps. After detaching abdomens were immersed separately in test tubes 
containing 10% KOH at 40°C and washed in distilled water. The male and female 
gentalia were squeezed out and the aedeagus was removed. 

After upgradation in alcoholic series, genitalia was preserved in 70% alcohol in the 
ratio of 8 : 2 homeopathic vials. The terminology for different parts of genitalia and 
wing-venation were followed from Klots (1950) and Forbes (1954), respectively. 


Descriptions of species 


Mythimna Ochsenheimer, 1816 Schmett. Eur. 4: 78; Sodoffsky, 1837. Bull. Soc. Imp. 
Nat Moscow. 6: 87; Ghai et al.1979. Indian J. Ent. 41: 65-90 Kononenko, 1980. In: 
Taxonomy of insects of the Far East 1-20; Kitching 1984. Bull Br. Mus, Natu, His. 
( Ent.) 49: 155-234; Sugi, 1984. Trans Lepid, Soc. Japan 35: 37-41; Berio, 1985. 
Fauna d Italia Bologna: Calderni. 


Philostola Bilberg, 1820. Emmer. Lus. 87: 31—34. 
Hyperiodes Warren. 1910. In Seitz Macrolep World 3: 94. 


Cirphis Hampson, 1905. Cat. Noct. Coll. Br. Mus. 5: 492; Draudt, 1950. Mitt. Much. 
Ent. Geselschaft 40: 47—56. 


Leucania Hampson, 1894. Fauna Br. India. Moth 2: 269; Franclemont. 1951 Proc. 
Ent. Soc. Wash. 53: 57-85; Rungs, 1953. Bull. Soc. Ent. France 9: 138-141; Ogata, 
1958., In Eco. Het. Jap. Col. 87-91; Calora, 1966. Phil. Agric, 633—727. 


Aletia Meyrich, 1928. A revised handbook of British Lepidoptera 140. 

Pseudaletia Franclemont, 1951. Proc. Ent. Soc. Wash. 53: 57-85: Breeland, 1958. 
J. Tenn. Acad. Sci. 33: 304. 

Type species: Phalaenna turca Linnaeus 


Eyes hairly, ocular width almost equal to intraocular distance; proboscis fully devel- 
oped, proboscis length subequal to antennal length; labial palpi obliquely upturned, 
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second segment roughly scaled and one and half or more than one and a half times 
in length to third segment; antenna ciliated in male and non-ciliated in female; tho- 
rax hairly dorsally and ventrally; abdomen with dorsal tufts on basal segments; tibiae 
non-spined but clothed with long hairs; forewing with costa straight/slightly arched 
and apex smoothly rounded/prominent with depression extending obliquely from Rs 
to Cujp; hindwing in male without any fold on inner area of hindwing. 

Gnathos present in male genitalia; valve narrow in middle; Saccus medium sized. 


Mythimna loreyi (Duponchel) 
Noctua loreyi Duponchel, 1827. Hist. Nat. Lep. Pap France: 81-82. 
Leucania loreyi Boisduval, 1829. Eur, Lep. Ondex. Moth. 83. Guenee, 1927, Ann. 


Soc. Ent. France 6: 341; Herich-Schaffer. 1842. Syst. Bearb. Schmitt. Europa 2: 223; 
Freyer, 1845. Beit Schmett 5: 413; Guenee, 1852. Hist. Nat. Ins. Sp. Gen. Lep. 5: 84; 
Walker, 1856. List of specimens of Lepidopterous Insects in the collection of British 
Museum: 84: Butler, 1840. Proc. Zool. Soc. Lond. 674; Peipers, 1880 Tijschreft Voor 
Entomologie 23: 41: Butler, 1881. Proc. Zool. Soc. Lond. 7: 347; Cotes and Swinhoe, 
1888. Cat. Moths India 3: 264; Leach, 1889. Proc. Zool. Soc. Lond. 482; Butter 1890 
Trans. Ent. Soc. Lond. 68; Swinhoe. 1890. Trans. Ent. Soc. Lond. 217; Hampson, 1891. 
Syst. List Illus. Typ. Sp. Lep. Het. Coll. Br. Mus. 16; Haampson, 1894, Fauna. Br India 
Moth. 2: 74; Meyrick, 1895. Handbook Bridt. Lep 68; Swinhoe, 1900. Cat. East. Aust. 
Lep. Het. Coll. Oxd. Univ. Mus.: 44; Semper, 1900. Die Schmett Philip. Insein. Het. 
2: 519; Staudinger and Rebel, 1901. Cat Pala: 193; rungs, 1953. Bull. Soc. Ent. Fr. 9: 
138; Rungs 1955. Mem. Inst. Sci. Mada. 6: 106; Ogata, 1958; Noctuidae, In: I Cones 
Heterocerorum Japonicum Colibifus Naturalibus: 88. 


Leucania collecta Walker, 1856. List of Specimens of Lepidoptera insects in the 
collection of British Museum: 105. 


Leucania exterior Walker, 1856. [n: East India Company's Collection British Mu- 
seum; 106. Leucania denotata Walker, 1856. In: East India Company's Collection 
British Museum: 107 


Hyphilare loreyi Warren, 1907. Noctuidae. In: Seitz Macrolepidopeta of the World, 
Palaercitic fauna 3: 96, Warren, 1913. Noctudae in Macrolepidoptera of the World, 
Indo Australian Fauna 11: 90. 


Sideridis loreyi Turner, 1920. Trans. Proc. Roy Soc. South Australia 44: 137. 

Aletia loreyi Meyricks, 1928. A revised handbook of British Lepidoptera: 40. 

Cirphis loreyi Hampson, 1905. Cat Noct. Coll. Br Mus. 5: 492; Draudt, 1950. 
Mitter-Munch Ent. Gasellschaft 40: 47. 


Mythimna loreyi Ghai et al.Indian J. Ent. 41: 65-90; Kononenko, 1980. In: Taxonomy 
of insects of the Far East: 1—20; Kitching, 1984. Bull. Br. Mus. 


Nat. Hist. (Ent.) 49: 153—234; Berio, 1985; Fauna d Italia Bologna Calderni; Sugi, 
1984. Trans. Lep. Japan 35: 37-41. 
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Moths stout and medium to large sized head, collar region and remaining part of 
thorax ochreous in colour, antenna deep brown in colour; eyes steel blue; forewing 
brownish ochreous with a median stripe, a faint oblique band irrorated with fuscous 
specks extended form apex to middle of lower margin, hindwing white, abdomen 
ochreous in colour. 

‘Eyes hair, ocular width ranged from 0.85-0.95 mm in male and 0.95-1.10 mm in 
female (Table 1); head width subequal in male and female (2.95-3.10 mm in male and 
3.00-3.20 mm in female) antenna ciliated in male and non-ciliated in female, antennal 
length varied between 9.50-10.40 mm in male and 10.50-11.00 mm in female; total 
proboscisal length less than antennal length ranged between 7.00—8.20 mm in male 
and 8.00—8.55 mm in female; labial palpi obliquely upturned, length of third segment 
one and a half time less than second segment i.e. 60-65 mm and 1.00-1.10 mm in male 
and 0.60-0.65 mm and 1.10-1.20 mm in female, thorax longer than broad (averaged 
4.74 + 0.04 and 4.29 + 0.5 mm in male and 5.10 + 0.06, 4.66 + 0.09 mm in female), 
tibiae clothed with long hairs and non-spined. Width across wings ranged between 
35.0-36.0 mm in male and 37.0—39.0 mm in female with an average of 35.50 + 0.05 
and 37.80 + 0.74, respectively. 


Wing venation 
Forewing 


Discal cell elongated and extended more than half of wing’s length (Fig. 1): Ry from 
much beyond middle of discal cell; Ry from apex of areole, areole triangular in shape; 
stalk of R344 smaller than independent branches: Rs approximate proximally with 
stalk of R344, Mı started at anterior angle of discal Cell; Mo slightly above and M3 
and Cuj, at posterior angle of discal cell; Cup» from fourth-fifth of discal cell base; 
1A slightly away from posterior margin, depressed proximally and arched distally; HA 
present, smaller than cne-third of wings length. 


Hindwing 


Discal cell almost half of wing’s length (Fig. 2); RS and M, connate at base; M» 
absent; M3 and Cuyp do not share a small common stalk; Cus from two third of cell 
base: IA and HA approximate to each other proximately. IA arched completely, ITA 
slightly arched and comparatively nearer to posterior margin of wing. 


Genitalia 
Male 


Uncus long, narrow (Fig. 3) and hairy; gnathos present: tegumen broad; vinculum 
narrow; saccus medium-sized, ventral shape of juxta dome shape; valvae narrow in 
middle: sacculus much attenuated; cucullus, corona and harpe present; aedeagus short, 
curved (Fig. 4) and slightly bulbous at base; vesica with cornutus but without spines 
and terminal hook. 
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FIGURES. 1-10. 


Female 


anterior apophyses slightly longer than posterior apophyses (Fig. 5): ostium bursae 
simple: ductus bursae short, thick with middle region swollen; corpus bursae small 
and oval in shape; ovipositor lobes narrow elongated and sparsely setosed. 
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TABLE 1. Morphometric values of taxonomic characters of Mythimna loreyi 
(Noctuidae: Hadeninae) 


Body Region Male Female 
Mean Mean 
X +SD(mm)(N = 10) X+SD(mm)(N = 10) 
Head Length 1.60 + 0.012 1.75 + 0.06 
Width 2.99 + 0.04 3.08 + 0.07 
Ocular width 0.89 + 0.03 1.05 + 0.05 
Interocular distance 1.15 + 0.05 1.40 + 0.08 
Antennal length 9.94 + 0.27 10.33 + 0.49 
Proboscis length 7.93 + 0.19 8.32 + 0.18 
Labial palp length: 
Segment I 0.53 + 0.02 0.67 + 0.07 
Segment II 1.05 + 0.05 1.15 + 0.04 
Segment HI 0.62 + 0.02 0.64 + 0.02 
Thorax Length 4.77 + 0.04 5.11 + 0.06 
Width 4.29 + 0.06 4.66 + 0.09 
Wing expense 35.50 + 0.50 37.80 + 0.75 
Abdomen Length 11.25 + 0.22 11.97 + 0.15 
Total Body Length 17.63 + 0.40 18.83 + 0.27 


N = Number of specimens examined. 


Total body length (mm): Male 17.62 + 0.39 (16.98-18.25) Female 18.83 + 0.27 
(18.45-19.22) 


Mythimna unipuncta (Haworth) 


Cirphis unipuncta Haworth, 1803. Lep. Brit. 174; Butler, 1880. Proc. Zool. Soc. Lond, 
674—675; Hampson, 1894 Fauna Br. India Moth 2: 275; 


Hampson, 1905. Cat. Noct. Coll. Brit. Mus. 5: 634; Draudt, 1950. Mitter. Munch, Ent. 
Gasellschaft. 40: 47. 


Pseudaletia unipuncta Franclemont, 1951. Proc. Ent. Soc. Wash. 53: 57-85; 
Breeland, 1958. J. Tenn. Acad. Sct. 33: 304; Bhattacherjee, 1971. Indian J. Ent. 33: 
435-451. 


Leucania consomillis Moore, 1881. Proc. Zool. Soc. Lond. 334; Cote and Swinhoe, 
1887-89. Cat. Moths. India: 1665. 


Leucania extranea Guenee, 1882. Hist. Nat. Des. Insects: 77; Cote and Swinhoe, 
1887—89. Cat. Moths. India: 1665. 


Leucania extranea Guenee, 1882. Hist. Nat. Des. Insects: 77; Cote and Swinhoe, 
1887—89. Cat. Moths. India: 1674. 


Leucania convecta Walker, 1852. Cat. Lep. Het. Brit. Mus. Lond. 9: 711. 
Leucania separata Walker, 1865. Cat. Lep. Het. Brit. Mus. Lond. 32: 626. 
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Leucania adustra Moore, 1881. PZ.S. 336; Cotes and Swinhoe, 1887-1889. Cat 
Moths India: 1657. 


Leucania trifoli Butler, 1882. Trans. Ent. Soc.: 114. 
Leucania saccharivora Butler, 1882. Trans. Ent. Soc.: 115. 
Mythimna unipuncta Ghai et al.1979. Indian J. Ent. 41: 65-90. 


Kononenko, 1980. In: Taxonomy of Insects of the Far. East. 1—20; Sugi, 1980. Trans. 
Lep. Soc. Japan 35: 37-41; Kitching, 1984. Bull. Br. Nat. Hist. (Ent.) 459: 153-234; 
Berio, 1985 Fauna d Italia Bologna: Calderni. 

Moth stout robust and large sized; head, collar region and remaining part of thorax 
reddish brown in colour; antennae light brown in colour; compound eyes blackish: 
forewing brownish to ochreous, a oblique dark streak running form apex to lower 
margin very prominent, hindwing dark brown with white specks near base, abdomen 
reddish brown in colour. 

Eyes hairy, ocular width ranged from 0.95-1.00 mm in male and 1.0-1.22 mm 
in female (Table f3020302); head width more in female than male (2.95-3.00 mm 
in male and 3.00-3.28 mm in female) antennae ciliated in male and non-ciliated in 
female, antennal length varied form 8.80-9.20 mm in male and 10.00-11.12 mm in 
female; total length of proboscis slightly less than antennal length and ranged between 
8.20-8.60 mm in male and 8.85-9.00 mm in female; labial palpi obliquely upturned, 
length of second segment one and half time more than third segment i.e. 1.00-1.20 and 
0.75-0.85 mm in male and 1.10-1.31 mm and 0.75-0.85 mm in female, thorax slightly 
longer than broad (averaged 6.91 +0.06 mm and 0.09 mm in male and 7.49+0.77 mm 
and 6.98 + 0.10 mm in female, respectively); tibiae non-spined and clothed with 
long hairs. Width across wings ranged between 35.00-38.00 mm in male and 40.00- 
43.00 mm in female, with an average of 36.40 + 1.12 mm and 42.00 + 1.23 mm, 
respectively. 


Wing venation 
Forewing 


Discal cell elongated, extended more than half of wing’s length (Fig. 6): Ry from much 
beyond middle of discal cell; R> from beyond middle of areole, areole rectangular in 
shape; stalk of R344 smaller than independent branches; Rs approximate with stalk 
of R344 proximally; M, originated at anterior angle, M2 and M3 slightly above at 
posterior angle, Cu, at posterior angle, Cup from fourth-fifth of cell base; IA near 
to posterior margin of wing anteriorly, arched in middle and again near to posterior 
margin, HA very small, one-third of wing's length and not extened upto apical margin 
of wing. 


Hindwing 


Discal cell almost half of wing's length (Fig. 7); RS and M, do not connate at base; 
Mə absent; M3 and Cujp do not share a common stalk; Cus from two-third of cell 


138 R. Kumar e! al. 


TABLE 2. Morphometric value of taxonomic characters of Mythimna 
unipuncta (Noctuidae: Hadeninae) 


Body Region Male Female 
Mean Mean 
X+SD(mm)(N = 10) X + SD (mm) (N = 10) 


Head Length 1.52 + 0.02 1.67 + 0.05 
Width 3.02 + 0.05 3.12 + 0.09 
Ocular width 0.98 + 0.02 1.14 + 0.06 
Interocular distance 1.09 + 0.05 1.36 + 0.07 
Antennal length 8.99 + 0.11 10.70 + 0.27 
Proboscis length 8.39 + 0.13 8.89 + 0.05 
Labial palp length: 

Segment | 0.63 + 0.02 0.64 + 0.03 

Segment II 1.09 + 0.07 1.19 + 0.07 

Segment III 0.79 + 0.03 0.79 + 0.03 

Thorax Length 6.91 + 0.07 7.49 + 0.07 
Width 6.67 + 0.09 6.98 + 0.10 

Wing expense 36.40 + 0.12 42.00 + 1.23 
Abdomen Length 13.01 + 0.26 13.82 + 0.25 
Total Body Length 21.44 + 0.35 22.98 + 0.47 


N — Number of specimens examined. 


base: IA and HA approximate to each other proximately, IA run straight while TIA 
arched in middle. 


Genitalia 
Male 


Uncus broad, hairy and beak like; gnathos present; tegumen broad narrow (Fig. 8): 
vinculum narrow; saccus medium-sized, ventral shape of juxta flap like; valvae narrow 
at center; extension of sacculus broad; cucullus present; corona much hairy; harpe 
present; aedeagus short, straight and bulbous at base (Fig. 9); vesica with cap like tip, 
without cornuti, spines present without any terminal hook. 


Female 


Anterior and posterior apophyses more or less equal in length (Fig. 10): ostium bursae 
simple: ductus bursae thick and small; corpus bursae pendulum shaped; ovipositor 
lobes narrow, elongated and setosed. 


Total body length (mm): Male 17.62 + 0.34 (20.90-22.05) Female 22.98 + 0.47 
(22.08-23.74) 
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Key to Mythimna loreyi (Duponchel) and M. unipuncta (Haworth) 


Uncus long and narrow, much hairy; gnathos long, twice as broad as uncus; vinculum 
‘v’ shaped; sacculus much attenuated, corona hairy, harpe spiculate, vental shape 
of juxta dome shaped; anterior apophyses slightly longer than posterior apophyses, 
corpus busae small and oval shaped. 
Mythimna loreyi (Duponchel) 
Uncus broad. hairy and beak like; gnathos smooth narrow flap like, not twice as 
broad as uncus; vinculum boat shaped; extension of sacculus broad; corona much hairy 
ad spiny; harp non-spiculate, ventral shape of juxta flap like; anterior and posterior 
apophyses more or less equal in length, corpus bursae pendulum shaped. 
Mythimna unipuncta (Haworth) 
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ABSTRACT: The aphid, Neomyzus circumflexus (Buckton) was recorded for the 
first time infesting orange, Citrus reticulata Blanco in Darjeeling district of West 
Bengal. The pest was found throughout the year having the peak during December 
and January and its occurrence was scares during monsoon months ie. July- 
September. It was capable of completing 22 generations in a year from January 
to December, 1994 under laboratory conditions. It passes through four nymphal 
instars to become adult and the duration of these nymphal instars were prolonged 
during cooler period (December to January) of the year. The nymphal period 
varied from 9-25 days and the adult longevity of the apterous morph ranged from 
12-29 days. The fecundity of an apterous viviparous female was found to vary 
from 11-32 and highest fecundity was recorded during winter months of the year. 
© 2005 Association for Advancement of Entomology 


KEYWORDS: Aphid, Neomyzus circumflexus, orange, Citrus reticulata, seasonal 
incidence, biology, parthenogenesis, apterous viviparous female 


INTRODUCTION 


Orange, Citrus reticulata Blanco, is an important fruit crop in the hilly terrain of 
Darjeeling district of West Bengal, enjoys a traditional reputation for its delicious 
taste and flavour. This plant is attacked by different species of aphids. Neomyzus 
circumflexus (Buckton) was recorded on orange in this locality (Konar and Ghosh, 
1990, 1997). The nymphs were observed along the midrib of leaves in a row and the 
infestation of the aphid was usually restricted in young shoots, leaves and flowers, 
causing characteristic curling of leaves, twisting of tender stems and dropping of 
flowers (Konar and Ghosh, 1990; Konar, 1991). Basu and Banerjee (1958); Mondal 
(1977); Ghosh and Raychaudhuri (1979) reported this aphid on a wide range of host 
plants in Sikkim and they studied the morphology and taxonomy of the aphid and 
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provided the key for identification of the pest. Goot (1915) described the morphology 
of this species of aphid. The present study reports the seasonal incidence and biology 
of this species of aphid on orange in Darjeeling district of West Bengal. 


MATERIAL AND METHODS 


A field investigation was undertaken on the incidence of aphid, N. circumflexus in 
three orchards, viz., Bhalukhop, Ecchey and Sakyong of Darjeeling district during 
August 1994—July 1996. From all the three orchards ten plants were marked at random 
and five branches were again considered randomly from each of such selected plant 
and labelled these branches for regular observations. Count was made on the number 
of aphid on the selected branches at 10 days interval in each orchard. Number of twigs 
of the sample branches infested with aphid was also recorded and the intensity of 
incidence was scored as has been given by Mukhopadhyay and Ghosh (1979). 

Biology of Neomyzus circumflexus was studied on potted plants under laboratory 
conditions at Kallimpong when average minimum and maximum temperature and 
relative humidity were found to vary from 9.0-30.0?C and 60-87%, respectively. 
Apterous viviparous females were collected from the field and these were released 
on each plant. These adult females were observed regularly for laying of young ones. 
After laying the nymphs the adults and the young ones were removed carefully leaving 
only one fresh laid nymph on the plant. Fifteen such plants with freshly and more 
or less simultaneously laid nymphs formed a set of experiment on the development 
and biology of each generation. Successive generations were raised from the first 
laid nymphs from the adults of the preceeding generations. Daily record on the 
adult development, fecundity, longevity, morphology and behaviour of the insect were 
maintained. 


RESULTS AND DISCUSSION 
Incidence pattern 


This species of aphid, N. cicumflexus was recorded for the first time on orange at 
Bhalukhop and Ecchey. In Bhalukhop, the incidence of the pest first appeared during 
early September, 1994 and then its population gradually increased and attained the 
peak during end of December of the same year and early January, 1995 (Fig. 1). Then 
its population abruptly declined and the low population was maintained up to end of 
June, 1995 and become non-existent during monsoon, i.e. from early July to end of 
August, 1995. Again, the aphid was appeared during late September, 1995 and also 
attained the peak during late December, 1995 and early January, 1996, followed by 
sharp fall to become non-existent during monsoon months (July-August, 1996). 

In Ecchey, this insect was absent from July to September in both the years. During 
1994—95, the peak population of this aphid was recorded during late December while 
in 1995—96, the maximum population was found during early January. In the second 
year of present study, the population of this pest was lower as compared to the first year 
in this orchard. In Sakyong, this aphid was not found at all under present investigation. 
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TABLE 1. Duration of different stages (days) and fecundity of N. circumflexus 


Number Date of | Nymphal Duration of different phases of adult Adult Fecundity 
of onset of duration Pre-repro- Reprod-  Postreprod longevity 
generation generation ductive uctive uctive 

| 3.1.95 22-25 1-3 12-19 2-6 21-28 18-32 

(22.8) (2.0) (13.4) (4.6) (25.0) (25.2) 

2 30.1.95 19-22 2-3 11-17 1-5 23-29 14-29 

(20.6) (2.2) (13.4) (3.6) (26.0) (21.6) 

3 20.2.95 14-16 1-2 12-16 2-4 22-26 17-26 

(15.0) (1.6) (13.6) (3.2) (24.8) (21.0) 

4 10.3.95 13-14 1-2 11-16 1-4 21-25 20-25 

(13.6) (1.4) (14.2) (3.0) (24.2) (22.8) 

5 26.3.95 12-13 1-1 12-17 2-3 20-25 17-28 

(12.2) (1.0) (15.2) (2.4) (24.0) (22.2) 

6 9.4.95 11-13 0-2 13-15 1-3 21-24 18-26 

(12.0) (1.0) (14.0) (2.0) (21.8) (21.2) 

7 23.4.95 11-12 0-1 10-13 1-3 14-19 16-22 

(11.4) (0.6) (11.8) (1.8) (17.0) (18.6) 

8 6.5.95 10-12 0-1 7-14 1 15-20 12-24 

(11.0) (0.8) (11.6) (2.8) (17.8) (18.4) 

9 19.5.95 10-12 1-2 8-14 1-3 14-19 15-23 

(11.0) (1.2) (11.4) (2.0) (16.4) (20.0) 

10 1.6.95 9-10 0-1 10-14 1 12-18 11-22 

(9.6) (0.6) (11.8) (2.2) (15.2) (17.6) 

ll 12.6.95 9-11 0-2 9-14 2-3 13-19 12-23 

(10.0) (1.2) (10.8) (2.8) (15.8) (17.8) 

12 24.6.95 9-10 1-1 10-14 ` 1-3 15-20 15-24 

(9.8) (1.0) (12.4) (2.2) (17.2) (19.6) 

13 6.7.95 9-10 0-2 11-13 0-4 14-23 16-26 

(9.6) (0.8) (14.8) (1.8) (19.8) (22.6) 

14 18.7.95 9-10 0-1 8-15 1-4 16-22 13-28 

(9.4) (0.6) (13.6) (2.6) (19.4) (22.4) 

15 4.8.95 9-11 0-2 7-16 0-3 13-20 14—22 

(10.2) (0.6) (12.4) (2.2) (18.2) (21.2) 

16 23.8.95 10-12 1-2 8-16 1-4 15-21 12-28 

(10.8) (1.2) (12.0) (2.8) (18.0) (22.6) 

17 7.9.95 10-13 0-1 9-16 1-3 14-22 13-26 

(11.0) (0.6) (12.2) (2.4) (19.2) (19.8) 

18 24.9.95 11-13 1-1 10-17 2-3 15-20 12-27 

(11.8) (1.0) (13.2) (2.6) (19.6) (19.2) 

19 11.10.95 12-14 1-2 10-16 0-4 17-23 13-25 

(12.6) (1.2) (14.0) (2.2) (21.2) (18.6) 

20 22.10.95 14-16 1-3 11-17 1-3 19-24 12-27 

(14.4) (1.8) (14.6) (2.4) (21.8) (20.2) 

21 16.11.95 19-22 2-3 11-18 24 20-25 15-29 

(20.8) (2.2) (15.4) (3.0) (22.0) (22.0) 

22 19.12.95 21-24 2-3 13-19 2-5 22-27 17-30 

(22.0) (2.4) (16.2) (4.2) (24.2) (23.4) 


Figures in parentheses are mean values. 
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FIGURE 1. Incidence pattern of N. circumflexus on orange in Bhalukhop and Echhey orchards 
of Darjeeling district. 


It may be due to the foggy weather during winter and face of the orchard directly 
towards the Kanchanjangha. 

Therefore, it is evident from the incidence pattern of this aphid that it was more 
active during winter months of December and January when average minimum and 
maximum temperature and relative humidity (R.H.) varied from 6.5 to 26.0°C and 
67 to 92%, respectively and usually become absent during July to September when 
average minimum and maximum temperature and R.H. ranged from 11 to 31.5?C 
and 78 to 99%, respectively. It has also been found that there was a significant 
negative association between aphid population and maximum temperature (—0.9815) 
as well as minimum temperature (-0.8026), but the maximum relative humidity had 
a non-significant negative relationship (—0.5679) with the population of the pest. 
The findings of Ghosh and Raychaudhuri (1976, 1979) confirm the results of the 
present investigation. They reported that aphid activity and species diversity reach 
the minimum during monsoon months, i.e. July to September in Darjeeling hills and 
this species prefer cooler climatic conditions. 


Life history 


Pre-adult stages of this aphid passed through four nymphal instars and adults were 
parthenogenetic viviparous. Since sexual forms could not be found in the field at 
any time it proved that they breed parthenogenetically and viviparous in nature under 
natural conditions also. 

The newly laid nymphs were'pale yellowish or greenish white in colour. Antennae 
were always four segmented. The body was spindle shaped and 0.7—1.0 mm in length. 
The second instar nymphs were light greenish white to light yellowish white in colour. 
The antennae of this instar were five segmented and the body length measured about 
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1.05-1.25 mm. The third instar nymphs were light yellowish or greenish white in 
colour and about 1.30-1.65 mm in length. These nymphs were more or less similar to 
the second instar nymphs in general appearance except the size of the body and the 
antennae, which were six segmented. The body colour of fourth instar nymphs was 
pale yellow to light green and about 1.45-1.80 mm in length. The rostrum of these 
nymphs was extended little behind the hind coxae. Other characters of this instar were 
similar to those of third instar nymphs. The nymphs designed to become alate-adults 
had wing-pads on the dorso-lateral aspect of thorax. 

The duration of different nymphal instars and different phases of the apterous adults 
vary considerably (Table 1). The nymphal duration of this aphid was recorded to vary 
from 9-25 days. The first instars and fourth instars were found to have longer duration 
than the two intervening instars. The adult longevity was found to vary from 12— 
29 days and the fecundity of an apterous female was observed to vary from 11-32 
during its reproductive period. Pre-reproductive, reproductive and post-reproductive 
periods were ranged from 0-3, 7-19 and 0-6 days, respectively. However, during 
wormer part of the year the life cycle of this insect was shorter while it was longer 
during cooler months. Highest fecundity was also found during cooler months of 
the year where as it was recorded lowest during hot season of the year. Thus, high 
temperature reduced the duration of the life span of this insect as well as its fecundity 
and low temperature increased the life cycle and fecundity of the aphid. 

The insect could complete 22 generations in a year under laboratory condition 
during January to December, 1994. It was also observed that all the adults were 
apterous viviparous female and this was probably due to the reason that the nymphs 
were raised singly on the host plant. 
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A microsporidian parasite (Protozoa: Microspora) 
infecting Spodoptera litura (Fabricius) (Lepidoptera: 
Noctuidae) in India: its morphology, host range and 
efficacy 
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ABSTRACT: A microsporidium was isolated from larvae of Spodoptera litura 
(Fabricius) collected from Dindigul district of Tamil Nadu, India (10.22°N 78.00° E). 
This microsporidian is monomorphic, disporous, develops in direct contact with the 
cytoplasm of the host cell and the nuclear configuration of all stages is diplokaryotic. 
Infections produced are systemic with mature spores are being produced in midgut, 
nervous tissue, muscles, labial glands, gonads, tracheae, epidermis, malpighian 
tubules, and, most extensively in fat body tissues. The fresh spores are typically 
ovocylindrical in shape, with a mean size of 3.91 x 1.91 jm. Based on the light 
microscopic studies, this species is assigned to the genus Nosema. Under laboratory 
conditions, this species is known to infect nine other lepidopteran hosts viz., Bombyx 
mori (L), Chilo infuscatellus Sn, Earias vitella (F.), Spodoptera exigua (H.), Heli- 
coverpa armigera (H.), Leucinodes orbonalis Gn., Pericallia ricini (Fab.), Plutella 
xylostella (L), and Tricoplusia ni (Hb). Laboratory bioassay with the first, second, 
and third instars of S. litura at different spore dosage resulted in a high mortality. 
Mortality was less for the fourth instar larvae but resulted in a high prevalence of 
infection among adults, indicating this species to be a potential biocontrol agent. 
© 2005 Association for Advancement of Entomology 
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INTRODUCTION 


The tobacco caterpillar, Spodoptera litura is a polyphagous noctuid and is well known 
to cause damage in cotton, groundnut and cauliflower during all plant growing stages, 
It has become difficult to manage S. litura, since they have developed resistance to 
insecticides like organochlorines, organophosphates as well as synthetic pyrethroids 
(Armes et al., 1997). Under the present circumstances, the use of microbial control is 
potentially valuable alternative to chemical pesticides with their high cost, possible 
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pest resurgence, development of resistance and environmental contamination. The 
strategies for using pathogens in the biological control of insect pests are determined 
primarily by the interaction among the pathogen, insect host, and the environment. 
Thus as a first step it is advised to develop a microbial control program with knowledge 
on its occurrence and its impact on its host, so as to utilize them as a component of an 
integrated pest management. 

The phylum Microspora consists of approximately 143 genera and over 
1,200 species (Wittner and Weiss, 1999). Currently, almost half of the described 
genera of microsporidia have an insect as its host (Becnel and Andreadis, 1999). 
These obligate, intracellular parasites are well adapted in pathogenicity, transmission, 
ecology, and resistance to the defense mechanisms of their hosts. Though all insects, 
nearly in all taxonomic orders, are susceptible to this pathogen, over half of the 
susceptible insect hosts occur in two orders namely, Lepidoptera and Diptera. In 
general, microsporidia are being known to be important biological control agents of 
agricultural pests like grasshoppers and caterpillars (Lockwood et al., 1999; Solter 
and Becnel, 2000). This paper deals with the histopathology, host range, and efficacy 
of a microsporidian reported from the populations of S. litura in India for evaluating 
its biological control potential against S. litura. 


MATERIALS AND METHODS 


Fifty Larvae of S. litura were collected on 18.1.2000 from the tobacco field in the 
Dindigul district (10.22°N 78.00°E) of Tamil Nadu, India. They were dissected in 
0.85% saline, fresh smears were prepared of all tissues (foregut, midgut, hindgut, 
malpighian tubules, salivary glands, nervous tissues, muscle, fat body and gonads) and 
were examined under a Leitz phase contrast microscope. If infection was observed, 
the specimens were further processed for light microscopy, to study the characteristics 
of the pathogen. For light microscopy, small fragments of tissues were placed (on a 
glass slide) with a drop of phosphate buffer (pH 7.4), macerated with forceps, fixed 
in absolute methanol for 2 min, air dried and stained with 1096 (v/v) Giemsa staining 
solution (1 ml of Giemsa stock solution mixed with 9 ml of phosphate buffer pH 7.4) 
for about 20 to 25 min at room temperature. The smears were then washed in running 
tap water for 5 min. and observed under the microscope. Fresh spores were spread 
on water agar (Undeen and Vavra, 1997) and measured using an ocular micrometer 
through the aforementioned microscope. All the measurements were presented as 
mean values followed by range values, standard deviations and sample sizes. 

For histopathological studies, laboratory infected larvae at different intervals of time 
of post infection were fixed in alcoholic Bouin's fixative for 24 h, embedded in 60? C 
MP paraffin wax and sectioned at 5-6 jum thick in a rotary microtome. Serial sections 
were stained with Heidenhain's iron haemotoxylin and used for histological studies. 


Pathogenicity of microsporidia to different instars of S. litura 


Microsporidian spores were purified from infected fat body tissues of dead or mori- 
bund S. litura larvae, collected from the field. The tissues were homogenized in sterile 
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distilled water, cleaned with water several times and the sediment was centrifuged 
through 50% percoll in sterile distilled water containing 0.01 M ammonium chloride 
(to avoid germination) at 750 g for 20 min.. The settled spores at the bottom were col- 
lected, washed with sterile distilled water to remove the percoll content, resuspended 
in distilled water, quantified by haemocytometer, and stored at —20 °C for further use. 

Laboratory cultures of S. litura was maintained on castor leaves as a microsporidian- 
free stock. In the test involving neonates, 10 mm diameter castor leaf discs were 
impregnated with 50 111 of spore suspension; allowed to dry and placed in a petridish 
lined with moist filter paper to avoid desiccation of leaf discs. Larvae were exposed 
in groups of five per disc for 48 h. Since each larva ate about 1/5 of the treated 
disc, spore dosage was calculated on the basis of a further 1/5 dilution of original 
spore suspension. Individuals of the second, third and fourth instar larvae were fed 
with individual castor leaf disc of 7 mm diameter treated with 10 141 dose of spore 
suspension. The leaf discs impregnated with spores were used for feeding the 6 h 
starved individuals (1 disc/individual) for a 24 h exposure period. Only groups of 
larvae that consumed more than 90% of the leaf discs within 24 h were used in the 
various treatments in each test. Spore concentrations of 0, 2.4 x 104, 2.4 x 10? and 
2.4 x 106 spores/ml were used. Thirty larvae were used for each treatment and the 
treated larvae were maintained individually in plastic petridishes at 28 + 2°C in a 
light regime of 14L : 10D, and the mortality rate was recorded daily. Larval mortality 
of each treatment was corrected, using Abbott's (1925) formula. Spore dose required 
to cause 50% mortality (LDso) and time required for 50% mortality (LTs9) were 
calculated by Probit Analysis (Finney, 1971). 


Host range of the pathogen 


Insects belonging to different orders, collected from the agroecosystem, were exposed 
to a standard concentration of 2.4 x 10? spores of the microsporidian by contamination 
of their diet. On the 15th day, the treated insects were dissected and examined for 
microsporidian spores in wet smear as well as in Giemsa stained specimens. 


RESULTS 
Diagnosis 


The microsporidian isolated from S. litura is an obligatory intracellular parasite, 
multiplying in host cells in the form of small binucleate meronts and sporonts. Heavy 
infection resulted in a change of larval colour to pink, frequently accompanied by 
swelling, caused by hypertrophy of infected fat body cells. Occasionally, the body 
of the insect appeared deformed. The microsporidian were in direct contact with 
the host cell cytoplasm possessing no sporophorous vesicle (apansporoblastic). Only 
a single type of ovocylindrical spores were observed. All the developmental stages 
were observed to be diplokaryotic and all measurements of the developmental stages 
(meronts and sporonts) are presented (Table 1). Based on the characteristics, this 
species is assigned to the genus Nosema Nageli, 1857. Hereafter it will be mentioned 
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TABLE 1. Measurement of Giemsa-stained developmental stages of Nosema sp. 
on S. litura 


Stage No. of Length (or diameter) (um) Width (u m) 
individuals Mean «X SD Range Mean +SD Range 
measured 
Early binucleate meront 10 1.88 0.22 1.6-2.3 - _ - 
Tetranucleate meront 10 5.94 0.45 5.3-6.6 - -= _ 
Octanucleate meront 10 7.00 0.34 6.6-7.5 = _ - 
Binucleate sporont 10 4.84 0.54 4.0-5.8 - - B 
Tetranucleate sporont 10 5.59 0.70 4.6-6.52 _ _ _ 
Sporoblast 10 5.42 0.45 4.5-6.8 2.07 0.25 1.8-2.3 
Spore (fresh) 20 39] 0.01 3.8-4.0 1.91 0.01 1.8-2.0 


as NSD (Nosema sp. isolated from Spodoptera litura of Dindigul population). All the 
field collected larvae were found to be infected with NSD. 


Mode of transmission 


The spores were found in the faecal material of the infected larvae, which would pro- 
vide a primary means of transmission to the healthy individuals due to contamination 
of food. Though cannibalistic behaviour is uncommon in S. litura, the parasitized indi- 
viduals fed on the dead larvae due to the microsporidian disease. Hence transmission 
of disease is also possible due to larval cannibalism. Although experiments were not 
conducted to establish the transovarial transmission, spores were observed in the ovar- 
ian tissues and so it is probable that the parasite is incorporated into the egg as in many 
Nosema sp. like N. pyraustae (Andreadis, 1987), N. heliothidis (Brooks, 1968) and N. 
bombycis (Hatakeyama and Hayasaka, 2002). 


Sites of infection and effect on the histology of S. litura 


The midgut of S. litura larvae is the first site exhibiting histological alterations caused 
by the infection, During the initial stages of infection, the peritrophic membrane 
is partially ruptured. The invasion of the pathogen provokes certain characteristic 
abnormalities in the epithelial cells. Vacuolization and disintegration of the epithelial 
cytoplasm become clear. During the late stages of infection, the boundaries of the 
epithelium breaks down and the presence of cell contents of the damaged cells were 
observed in the lumen. The infected midgut epithelial cells undergo hypertrophy, as a 
result, the nuclei of these cells get arranged in whorls, a feature common among tumor 
cells (Fig. 1). In heavily infected larvae, the midgut gets completely disintegrated, and 
the extensive mass of the encapsulating hemocytes prevent the midgut contents from 
flowing freely into the hemocoel (Fig. 2). 

After 15 days of post-inoculation, the adipose tissue was completely replaced with 
spores of the microsporidian pathogen. Midgut, nervous tissue, muscles, labial glands, 
gonads, tracheae, epidermis, as well as the malpighian tubules were also invaded by 
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FIGURE 1. Nature of extensive cellular response 7 days post exposure. Note the extensively 
damaged midgut epithelium (arrow) and necrotic area (NA) of infiltrating hemocytes at site of 
midgut ulceration (x 250). 


FIGURE 2. Infected midgut of a 10 days post inoculation. Arrow show the fully dissolved 
secretary epithelium (x250). 


spores, but the intensity of the infection was lesser compared to the infection in adipose 
tissue. Although the malpighian tubules were infected at the initial stage of infection 
itself, the intensity of infection remained low. The entire length of the labial gland was 
filled with spores, appearing white and swollen during the late stage of infection. 


Pathogenicity of NSD to different instars of S. litura 


The inoculation of NSD spores to the first, second, third, and fourth instar larvae at 
dosage rate of 2.4 x 102, 2.4 x 10°, and 2.4 x 10% spores/larva resulted in higher 
mortality in earlier instars (Table 2). The results of the bioassay showed that the 
mortality of the insect was dose dependent. A dose of 2.4 x 10* spores/larva resulted in 
a highest mortality (100%) in the first and second instar larvae, while in the third and 
fourth instars, the mortality was 73.33% and 26.66% respectively. Similar results were 
obtained at the concentration of 2.4 x 103 spores/larva in the first three larval stages 
with the mortality rate of 100%, 86.2%, 46.66% respectively. On the other hand, the 
same concentration of spores produced only 10% mortality in the fourth instar larvae. 
Interestingly, 100% infection was observed among the surviving adult moths. The 
inoculation of the fourth instar larvae with a lower dosage (2.4 x 102 spores/larva) 
resulted in no larval mortality, but a high prevalence of infection among adults. The 
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TABLE 2. Effect of Nosema sp. on larval mortality, pupation and moth infectivity 
of S. litura at different larval stages 


Larval Inoculum No.of — Mortality in stages (%) Total No.of % of 

stage (spores/ larvae Larvae Pre pupae Pupae mortality moths moths 
larva) exposed (%) emerged infected 

Linstar 0 (control) 30 0 0 6.66 6.66 28 0 
24x10? 30 40 6.66 23.33 67.886 9 100 
24x10? 30 100 = = 100 z = 
2.4 x 101 30 lÚ - : 100 = E 

H instar O (control) 30 0 0 3.33 333 29 0 
24x10? 30 10 30.00 333 4137 17 100 
24x10) 30 53.33 16.66 1666 8620 4 100 
2.4 x10* 30 100 - - 100 - - 

IH instar. O (control) 30 0 0 0 0 30 0 
24x10? 30 0 10.00 3.33 1333 26 100 
24x10? 30 20.00 23.33 3.33 46.66 16 100 
2.4 x 104 30 56.66 16.66 - 73.33 7 

IV instar O (control) 30 0 0 0 0 30 0 
24x10? 30 0 0 0 0 30 96 
2.4 x10) 30 0 6.66 333 10.00 27 100 
2.4 x 104 30 0 10.00 16.66 26.66 22 100 


TABLE 3. Probit analysis of concentration—mortality responses of II and III 
instar larvae of S. litura by Nosema sp. 


Larval No. of x? (n-2) Slope LDso Fiducial limit 
stage Insects tested (spores/larva) 
II instar 120 0.777 1.4051 356.64 239.50—491.327 
III instar 120 0.969 0.8574 3885.004 2558.513-61 10.065 


same dosage was effective among the first, second, and third instar larvae with the 
mortality rate of 67.86%, 41.37%, and 13.33% respectively (Table 2). 

Dose-mortality relationships and calculated 95% fiducial limits for the second and 
third instar larvae are presented in Table 3. The spore dosage required to cause 50% 
mortality (LDso) for the second instar larvae was calculated as 356.64 spores/larva 
and the 95% limit lies between 239.549 1.82 spores/larva while the LDso for the third 
instar larvae was 3885 spores/larva and the 95% limits lie between 2558.5 1-61 10.06 
spores/larva. 

The time required for 50% mortality (LTso) for the neonate larvae were 10.41, 12.73 
and 19.85 days when Nosema spores inoculated were at the rate of 2.4 x 104, 2.4 x 10°, 
and 2.4 x 10* spores/larva respectively (calculated from the cumulative mortality). 
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Similar trend was observed in the second instar larvae (8.97, 13.2, and 19.24 days) 
with reference to the three spore dosages. But in the case of the third instar larvae the 
LTso values increases up to 11.94 and 19.93 days at a spore dosage of 2.4 x 10% and 
2.4 x 103 spores/larva respectively. 


Host range 


Cross transmission tests to insects belonging to five different insect orders showed that 
NSD was infective to all nine lepidopteran species tested viz., Bombyx mori, Chilo 
infuscatellus, Earias vitella, Helicoverpa armigera, Leucinodes orbonalis, Pericallia 
ricini, Plutella xylostella, Spodoptera exigua and Tricoplusia ni. Other insects tested 
in the cross transmission tests, belonging to Orthoptera, Coleoptera, Hemiptera, and 
Diptera did not develop the infection. 


DISCUSSION 


The microsporidian parasite from S. litura, shares all the diagnostic characters of 
the genus Nosema viz., apansporoblastic, monomorphic spores, and diplokaryotic 
developmental stages. In a study of the life cycle of Nosema bombycis, in cultured 
ovarian cells of the silk worm, Ishihara (1969) found that sporonts occasionally 
produced two sporoblasts. Later, Lom and Weiser (1969) proposed to synonymize 
the genus Glugea Thelohan, 189! with the genus Nosema Nageli, 1857, since in 
both type species, N. bombycis and G. anomala, the final stages of development are 
identical. Sprague and Vernick (197!) characterized Nosema as having sporonts that 
divide into two sporoblasts and distinguished Nosema from both the genera Glugea 
and Encephalitozoon by their nuclear arrangement. In the present study, most of 
the sporonts were binucleate and developed into two sporoblasts. Our observations 
indicate this species to be very similar in its development to Nosema bombycis, as 
described by Ishihara (1969), and therefore to be assigned to the genus Nosema Nageli. 
Indeed, the taxonomic position of S. litura isolate (NSD) from Tamil Nadu, India needs 
to be clarified with further studies, especially its ultra structure and ribosomal RNA 
analysis. 

Nosema sp. causes mortality in two different ways in its hosts viz., (a) death 
resulting from the gut damage and subsequent bacterial septicemia after ingestion of 
massive spore dosage and (b) death resulting from microsporidiosis after ingestion 
of even a smaller spore dosage (Solter and Becnel, 2000). In the present study, early 
instars (first and second instars) died in 8-12 days with heavy spore dosage, which was 
probably due to bacterial septicemia. The pathogenicity of NSD used in the present 
study seems to be proportional to the level of initial infection. The LDso for the 
third instar larvae was 3.88 x 10? spores/larva after 20 days of initial inoculation 
is compatible with the others work. Tsai and Wang (2001) obtained a median lethal 
dose (LDso) of 1.13 x 10^ spores/larva, when N. spodopterae spores treated against 
third instar larvae after 21 days. However, the LDso of Taiwan isolate from S. litura, 
to the third instar larvae was 1.78 x 10? spores/larvae after 30 days of post inoculation 
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(Tsai et al., 2003). This indicated that the LDso vary with the virulence of a particular 
isolate. 

Host specificity is an important consideration for pathogens that are used for 
biological control. Before a pathogen is introduced as biological control of a pest 
species, it is imperative to know the potential host range and possible effect on other 
insects. Susceptibility of a particular insect species to a pathogen defines the host 
range of that pathogen. Pathogens that are host specific have a narrow host range and 
infect one or more closely related host species. All the lepidopteran hosts tested were 
susceptible to NSD indicating that this species appear to have a wider host range. 

The Nosema sp. isolated from S. litura larvae exhibited characteristic features as 
well as host range which have not been previously reported, but at the same time many 
characters are overlapping with other known species. Hence to propose this as new 
species, electron microscopical studies as well as rRNA tests are needed. Therefore 
this species has been hitherto assigned as NSD until further characterization. The high 
mortality rate among early instars of S. litura and also the high prevalence of NSD in 
the field population (100%) indicating that this microsporidian species appears to have 
the potential of a biocontrol agent for use against S. litura or it can form a part of the 
IPM programs. 
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ABSTRACT: Survey was conducted in the different forest ecosystems of the Western 
Ghats of Tamil Nadu in Nilgiris, Coimbatore, Erode, Viruthunagar and Tirunelveli 
districts to collect the adult spiders and study them taxonomically. The present study 
revealed 56 species of spiders under 18 families.Under the family Araneidae alone, 
20 species were recorded in 14 genera, showing that they are abundant in the forest 
ecosystems and predominant in terms of distribution. Maximum spider diversity was 
recorded in dry mixed deciduous forests and maximum evenness in moist deciduous 
forests. © 2005 Association for Advancement of Entomology 
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In this study, a survey of spiders was conducted in forest ecosystems of the Western 
Ghats of Tamil Nadu. 

The survey for collection and population assessment of spiders was carried out in 
nine forest ecosystems of Western Ghats viz., Dry deciduous forest, sub-tropical ev- 
ergreen forest, deciduous forest, thorn forest, tropical semi evergreen forest, shola 
forest, semi-evergreen forest, man-made teak plantation and scrub jungle (Wilson, 
1967). The various forests found in Western Ghats are grouped under 3 altitudes. 
Dry mixed deciduous forests, sub-tropical evergreen forests, man-made teak planta- 
tion, moist deciduous forests and scrub jungle are found at 500—1500 m altitudes. 
Thorn forests and semi-evergreen are found at 1500—2500 m altitudes and shola and 
tropical semi-evergreen forests are found at 2500 m and above. Dry mixed decidu- 
ous forest covers forests in Mettupalayam, Marudhamalai, Senbagathoppu and Bha- 
vanisagar. Sub-tropical forest covers Kallar,Kovai coutrallam, Siruvani and Gudalur. 
Man-made teak plantation was found in Sadivayal. Moist deciduous forest includes 
Kunjappanai, Mangarai, Thalavady and Sathyamangalam and semi-evergreen forests 
was found in Mundanthurai. Tropical semi-evergreen forest covers forests in Vara- 
galiyar, Rajapalayam, Valparai and Topslip. Sholas was found in Kariansholai. Spiders 
were collected by adopting standard sampling procedures. (1) hand picking, (2) net 
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TABLE 2. Shannon diversity index of different forest types 


Forest types H' Varience in — Evenness (E) Index of 
H' diversity ^ Evenness (£) Dominance (C) 
Dry mixed deciduous 3.463 0.00133 0.93 0.0391 
Sub-tropical evergreen 3.106 0.00357 0.85 0.0714 
Manmade teak plantation 2.660 0.00779 0.89 0.0947 
Moist deciduous 3.250 0.00122 0.96 0.0449 
Scrub-jungle 2.400 0.0083 0.94 0.0665 
Thorn 2.820 0.0014 0.87 0.0497 
Tropical semi-evergreen 3.300 0.0022 0.91 0.0665 
Semi-evergreen 2.980 0.00449 0.91 0.1110 
Shola 2.840 0.0022 0.96 0.0665 


TABLE 3. Shannon diversity index of different forest of different altitudes 


Altitudes H’  Varience in diversity Evenness (E) Index of dominance (C) 
5000-1500 3.50 0.00105 0.53 0.0415 
1500--2500 3.38 0.00713 0.47 0.0445 
2500 & above 3.25 0.00203 0.47 0.0546 


sweeping, (3) bark traps, (4) pitfall traps and (5) leaf litter traps. The collected spi- 
ders were preserved in Qudemann’s preservative and identified using the key given by 


Tikader (1987). 


The following indices were worked out to assess and compare the diversity 
and distribution of spiders in different types of forests and at different altitudes. 
Quantitative estimation of species and individuals in different environments were 
made using the data derived from the survey. Species diversity (H’) was computed 


based on the following formula: 


Shannon diversity index (Batten, 1976) 


H' = — Ý ` pi. Inpi. 


e Varience in diversity was calculated using the formula of Batten (1976) 


Var H! = > Pi (In pi^ — Q pi.Inpi.)* S i 
N 2 N: 


e Evenness (J^) was calculated to estimate the equitability component of diversity 
using the formula of Batten (1976) 
E = H'/In.S. 


Where, H' is Diversity index and S is Number of species 
e Index of Dominance was calculated using the formula of Simpson (1949) 


C = Y (ni/ny’. 
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Where, ni is number of individuals for each species and N is total number of 
individuals in the location. 


A total of 1437 individuals were collected from five districts of Tamil Nadu covering 
56 species grouped under 18 families (Table 1). Maximum number of individuals (342) 
were collected from sub-tropical evergreen forests and the minimum (45) from the 
scrub jungle. Among the various forests surveyed families observed, Theraphosidae 
and Gnaphosidae were unique to man-made plantation and dry mixed deciduous 
forests, respectively. Six species were recorded from family Salticidae and three each 
from Tetragnathidae, Therididae, Heteropodidae and Clubionidae. One species each 
from Theraphosidae, Gnaphosidae, Uloboridae, selenopidae, Thomisidae, Pisauridae 
and Lycosidae were recorded. Two species were recorded from the family Eresidae, 
Hersilidae, Agelenidae and Pholcidae and nearly twenty species were recorded from 
the family Araneidae. 

Spider diversity was maximum in Dry mixed deciduous forest as per Shannon's 
index (3.46) and comparatively poorer in scrub-jungle (2.4). Maximum evenness 
was found in deciduous (0.965) and shola forest (0.96) and evenness was lower in 
sub-tropical evergreen (0.111) and lowest in dry mixed deciduous forests (0.0391) 
(Table 2). 

Spider diversity was maximum between 500 and 1500 m altitude as per Shannon's 
index of diversity (3.50). As altitude increased, the population of spiders declined 
as indicated by the comparatively lesser diversity index observed at 1500-2500 m 
and above (0.47). Maximum varience in spider diversity was found at altitudes above 
2500 m (0.0020) and minimum at 500-1500 m (0.0010). Index of dominance was 
maximum (0.0546) at altitudes above 2500 m and minimum at 500-1500 m altitude 
(Table 3). 


Shannon diversity index used in the study showed much difference in spider distri- 
bution and diversity. Shannon index assumes that individuals are randomly sampled 
from an ‘indefinitely large’ population (Peilou, 1975). The index also assumes that 
all spiders are represented in the sample. In the present study, maximum spider diver- 
sity was found in dry mixed deciduous followed by moist deciduous, tropical semi- 
evergreen and sub-tropical evergreen forests. This finding is in accordance with that 
of Odum (1971). Spider species diversity and species evenness was maximum in dry 
mixed deciduous forests and comparatively less in scrub jungles. This might be due to 
the fact that this type of jungle is frequently subjected to seasonal or periodic natural 
or human perturbations and there is less cover for the spiders to take refuge. The re- 
sponse of spiders to ecological disturbances has been the focus of research by Koponen 
(1993), Simmonds er al. (1994), Krajca and Krumpalova (1998). The index of dom- 
inance was maximum in semi-evergreen forests and poorest in dry mixed deciduous 
forests. This might be attributed to the prevailing environmental conditions like tem- 
perature, rainfall and altitudinal aspects, which favour more availability of prey and 
least occurrence of natural enemies of spiders like parasitic wasps, which favoured 
some spider species. The observations on spider diversity among various forest types 
showed highly significant differences between them. This could be attributed to the 
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different physical, geographical and biological conditions that existed among the for- 
est types. 

Altitude also played a crucial role in determining the spider species composition, as 
indicated by the higher number of spider species in dry mixed deciduous forests than 
the tropical semi-evergreen forests that are located at higher altitudes. Comparision of 
sub-tropical evergreen forest with moist deciduous forests, man-made teak plantation 
with scrub jungle, thorn forests with semi-evergreen forests did not show any 
significant difference among them. The reason for this could be the fact that they 
are found at similar elevation; the difference in altitude might have been a critical 
factor in insignificant species diversity among Teak and thorn forests and thorn forests 
and semi-evergreen forests. Altitude could arguably be ignored when considering large 
areas, as its magnitude is small compared with those of longitude or latitude. However, 
a moderate change corresponding to an altitude has an associated temperature change 
corresponding to a latitudinal change perhaps of several hundred km (Gaston and 
Spicer, 1998). The index of dominance increased as altitude increased. Some species 
are well adapted to survive at higher altitudes and their number increased due to 
presence of sufficient prey, non-existence of competitors, lesser predators and non- 
interference by humans. 


ACKNOWLEDGEMENTS 


The first author records his deep gratitude to the authorities of the Tamil Nadu 
Agricultural University and Department of Environmental Sciences, Coimbatore, for 
providing the laboratory and various other facilities in carrying out the work. He 
thanks the Minsitry of Environment and Forests, Government of India, for the project 
grant. 


REFERENCES 


Batten, L. A. (1976) Bird communities of some Killarney woodlands. Proceedings of Royal 
Irish Academy 76: 285—313. 

Gaston, K. J. and Spicer, J. 1. (1998) Biodiversity-an Introduction, MPG Books Ltd.: Great 
Britian, p. 109. 

Kamal, N. Q., Qdud, A. and Begum, (1990) The spider fauna in and around the Bangladesh Rice 
Research Institute farm and their role as predator of rice insect pests. Philippines Entomology 
8: 771-777. 

Koponen, S. (1993) Ground living spiders (Araneae) one year after fire in three subarctic forest 
types, Quebec (Canada). Memoirs of the Queensland Museum 33: 575-578. 

Krajca, A. and Krumpalova, K. (1998) Epigiec spider (Araneae) communities of nickel leach 
dumps and their surroundings near sered (Slovakia). Biologia Bratislava 53: 173-187. 

Odum, E. P. (1971) Fundamentals of Ecology, W.B. Saunders and Co.: Tokyo, p. 275. 

Pranesh, M. B. (1994) Need for strengthening Western Ghats development programme. Yojana 
21-22. 

Peilou, E. C. (1975) Ecological Diversity, Wiley Eastern Publications: New York. 

Simpson, E. H. (1949) Measurement of diversity. Nature 163: 688. 

Simmonds, S. J., Majer, J. D. and Nichols, O. (1994) A comparative study of spider 

. (Araneae) communities of rehabilitated mines and surrounding forest in the south-west of 

western Australia. Restoration Ecology 2: 247—260. 


Spiders diversity in Western Ghats 163 


Tikader, B. K. (1987) Handbook of Indian Spiders, Zoological Survey of India: Calcutta, p. 251. 
Wilson, J. (1967) Working Plan for the Bolampatti Range of Coimbatore Central Forest 
Division, Director Stationary and Printing: Madras, p. 155. 


(Received 30 September 2002; accepted 25 April 2005) 


ENTOMON 30(2): 165-170 (2005) : 
Short Communication No. ent.30207 à * 


Olfactory conditioning in Goniozus nephantidis 
(Musebeck) a parasitoid of coconut black headed 
caterpillar, Opisina arenosella Walker 


K. Subaharan*, K. N. Ponnamma, A. Sujatha, B. Md. Basheer and 
P. Raveendran 


Central Plantation Crops Research Institute, Kasaragod 671124, Kerala, India 
Email: subaharan_70@ yahoo.com 


ABSTRACT: Egg maturation and behavioral response to imaginal conditioning was 
studied on bethylid, Goniozus nephantidis, a parasite of coconut black-headed 
caterpillar, Opisina arenosella. Age and feeding had influence on G. nephantidis 
reared on O. arenosella. Eclosed females of 0—24 h had no mature eggs. Maximum 
numbers of mature eggs in the abdomen were observed 10 days after eclosion. 
Parasitoids that emerged from Corcyra cephalonica when offered a choice to 
parasitize C. cephalonica and O. arenosella showed preference to C. cephalonica, 
the host on which it was reared (Unconditioned response). Though unconditioned, 
they had 32 per cent response to O. arenosella and this is termed innate response. But 
when they were conditioned to odour of O. arenosella and then provided a choice, 
they preferred to parasitize O. arenosella as compared to C. cephalonica. Hence, it is 
clear that attraction to odours in imago that develops after eclosion is partly induced 
and partly constitutive. © 2005 Association for Advancement of Entomology 


KEYWORDS: Olfactory conditioning, Goniozus nephantidis, Opisina arenosella 


Goniozus nephantidis (Musebeck) (Hymenoptera: Bethylidae) is a gregarious ectopar- 
asitoid of larvae of the coconut black headed caterpillar, Opisina arenosella Walker 
(Oecophoridae: Lepidoptera). The larva of O. arenosella is a major pest on coconut. 
They make galleries of silk and frass on the undersurface of the coconut leaves on 
which they feed. Adult G. nephantidis females sting and permanently paralyze O. 
arenosella larvae and then lay eggs within 1—3 days (Hardy et al., 1992). The interval 
between paralysis and oviposition is *host guarding period' and the period when the 
female stays with the brood until pupation is ‘brood guarding period’ (Sundaramurthy 
and Santhanakrishnan, 1978; Hardy and Blackburn, 1991). Females of G. nephantidis 
have very few reproductive opportunities due to the Jong time spent in host and brood 
guarding (Cock and Perera, 1987; Hardy er al.. 1999). G. nephantidis females engage 
in direct contest for possession of host (Peterson and Hardy, 1996). Ownership status 
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is linked to difference in egg load between the contestant females. Egg loads of G. 
nephantidis when exposed to rice moth, Corcyra cephalonica were influenced by age, 
body size and ownership status (Stokkebo and Hardy, 2000). Currently, G. nephantidis 
is mass multiplied on C. cephalonica (Ramadevi et al., 1981) and wax moth, Galleria 
melanollela (Venkatesan et al., 2003). The laboratory multiplied parasitoids were then 
released in the field to target O. arenosella for which they had no previous experience 
with the larvae in the recent past. 


The insect species, which breed on two or more hosts, tend to become split into 
biological races. The biological characters of such races are germinally fixed and in 
many cases, the group of individuals may become restricted to certain host species 
not by germinal change but by a kind of conditioning. As a result, the adult female is 
attracted for oviposition to a particular species on which she has fed as larvae and this 
is called the ‘host selection principle’ by Walsh (Thorpe, 1939). 

Understanding the physiology and behavior of the parasitoid is critical to achieve 
a successful bio suppression of the pest. Although Stokkebo and Hardy (2000) had 
studied the egg development in G. nephantidis when reared on C. cephalonica, an 
attempt was made to study the development of egg load in G. nephantidis when reared 
on O. arenosella and the parasitoid’s behavioral response to imaginal conditioning 
with the host that it had to target when released in the field. 


The study was conducted at Central Plantation Crops Research Institute, Kasaragod, 
India. G. nephantidis culture maintained on C. cephalonica (Lepidoptera: Pyralidae) 
and O. arenosella was used for the study. The parasitoids were cultured by placing 
the adult female wasp and larvae of C. cephalonica and O. arenosella in a vial of 
2.5 x 10 cm plugged with cotton. Drops of 50 % honey (in water) placed on the wax 
coated paper served as food. They were starved when the effect of feeding on egg load 
was to be investigated. All the cultures were maintained at 25 °C and 65-7096 RH with 
a constant dim light illumination. 


G. nephantidis on emergence were collected in a vial. The male and female 
parasitoids were kept together for 12 hours with food (5096 honey). The mated females 
(n = 30) were dissected on 2, 4, 6, 8 and 10 days after eclosion. The number 
of mature eggs in their abdomen was counted. The dissection was made with the 
micro forceps (INOX 5 — A. Dumont & Fils, Switzerland). In order to assess the 
effect of feeding on egg development in adult females (n — 30) after mating they 
were kept in the vial under starvation and dissected after the periods mentioned 
above. 


In order to assess if the egg maturation improved with the presence of suitable host, 
forty 24 hours old female wasps that emerged from C. cephalonica larvae after mating 
were collected and placed individually in separate vials (length 5 cm internal diameter 
1 cm) containing the hosts (C. cephalonica and O. arenosella, both n = 20) for a 
day, On the following day, when the hosts were paralyzed and the eggs not laid, the 
parasitoids were removed and kept separately in individual tubes. The parasitoids were 
dissected at varied intervals (2, 4, 8 and 10 days after eclosion) to observe the number 
of mature unlaid eggs. 
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In order to assess the learning in G. nephantidis, twenty adult females (5 days after 
eclosion) reared on C. cephalonica larvae were placed on a conditioning apparatus 
developed in our Entomology laboratory. The apparatus consisted of two glass 
tubes (Borosil, length 10 cm, internal diameter 2 cm) fitted tightly together by a 
polycarbonate tube (length 3 cm, internal diameter 2.2 cm). The contents in the glass 
tubes were separated by a nylon mesh (1 mm = 40 mesh) with a gap in the middle 
between the two meshes. Two adjustable screw holes were provided to permit the 
flow of air, The parasitoids were kept in the tube on one side, and O. arenosella along 
with damaged leaflets and frass were placed in the opposite side. The adult wasps 
were conditioned for 72 hours. They were provided with 50% honey as food during 
the conditioning period. Response of G. nephantidis conditioned to the odour of O. 
arenosella was assessed by exposing the parasitoid to either host by choice method in 
a 35 mm sterile Petri dish. Observations were made three hours after the release of the 
parasitoid and the host (C. cephalonica and O. arenosella) in petridish. Two sets of 
experiments were carried out. In one set, the unconditioned C. nephantidis (emerged 
from C. cephalonica but not exposed to O. arenosella) were used and in the other, 
the conditioned parasitoids (emerged from C. cephalonica but exposed to odour of O. 
arenosella) were used. The conditioned and unconditioned parasitoids were assayed 
for their learning ability by exposing them to both the hosts kept in 35 mm petridishes 
(Tarsons India Itd). Care was taken to use clean larvae of the same size. Each experi- 
ment had 10 pairs of larvae with five replications. In order to assess if two sets of tables 
(conditioned and unconditioned) were significant the chi square tests were performed. 


Age and feeding treatment of female G. nephantidis had influence on the egg load. 
The eclosed female of 0—24 hours had no mature eggs. The parasitoids started to 
harbour mature eggs from 24 hours after eclosion. The egg load increased from day 2 
to 10 days after eclosion and thereafter declined with the increase in age. Maximum 
egg load was observed 10 days after eclosion (Fig. 1). 


G. nephantidis is synovigenic i.e. adults eclose without full complement of mature 
eggs and oogenesis occurs during adult stage. Synovigeny is reported from other 
Goniozus sp. (Luft, 1993). Females that were fed with honey had higher egg load 
as compared to unfed females (Fig. 1). Stokkebo and Hardy (2000) reported that 
female G. nephantidis reared on C. cephalonica when fed, had higher egg load than 
unfed females. The decline in the egg load among the older G. nephantidis females is 
possibly due to resorption of eggs in order to reallocate nutrients from reproduction to 
survival. Partially resorbed eggs in older females were seen in G. hanoiensis (Gordh 
et al., 1993). 


Weight of the female adults had influence on number of mature eggs in the abdomen. 
Females weighing 1.2 mg harbor 13 mature eggs as compared to 7 matured eggs in 
females that were 0.6 mg in weight. Positive correlations between body size and egg 
load have been observed in Goniozus ligneri (O' Neill and Skinners, 1990). The repro- 
ductive success of an individual female is strongly influenced by its size. The egg load 
in G. nephantidis plays a vital role as females with higher egg load had a better chance 
for the possession of host as compared to its intruder (Stokkebo and Hardy, 2000). 
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FIGURE 1. Effect of feeding on egg maturation in G. nephantidis. 
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Females G. nephantidis when presented with O. arenosella had higher egg load 
as compared to ones that had been presented with C. cephalonica. When permitted 
to lay eggs, maximum eggs (12 Nos) were laid on O. arenosella. The development 
period was also host dependent. The eggs laid on O. arenosella had a short period for 
development. The larval period when fed on O. arenosella was 3 days as compared 
to 5 days in C. cephalonica. Cues from O. arenosella causes G. nephantidis to decide 
on larger clutch size. Clutch size is known to vary with host size in the number of 
gregarious parasitoids (Godfray, 1987). Ramachandra Rao and Cherian (1928) and 
Antony and Kurian (1960) reported that more females were produced per brood when 
reared on O. arenosella than on C. cephalonica. Apart from the host suitability for egg 
development, higher male mortality of G. nephantidis was reported when they were 
reared on C. cephalonica. The reduction in male population led to high proportion of 
virginity among the females that had an undesirable effect on augmentation of natural 
enemies (Kapadia and Mittal, 1993). 

Higher egg loads in G. nephantidis increased their ability to lay more quickly 
optimum number of eggs on the host (Peterson and Hardy, 1996) and this egg load 
(Physiological state) affects the parasitoid behaviour (Stokkebo and Hardy, 2000). 
Hardy et al. (1992) reported that the female bethylids when presented with the host, 
laid more eggs and lived longer as against the parasitoids which had no exposure to 
host. Higher male mortality of parasitoids when developing on C. cephalonica than 
on O. arenosella would lead to usually high proportion of virginity (Kapadia and 
Mittal, 1993), 

The G. nephantidis adult females reared on C. cephalonica when given a choice 
to parasitize between C. cephalonica and O. arenosella, were strongly attracted to the 
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host, C. cephalonica (68 per cent) on which it was reared as compared to O. arenosella 
(32 per cent) for which it had no previous exposure. 


The parasitoids that emerged from C. cephalonica were conditioned by exposing 
to the odour of O. arenosella without being allowed any physica! contact between 
them by placing them in a conditioning apparatus. The parasitoids conditioned 
in this manner for three days when offered a choice for parasitism, preferred O. 
arenosella (64%) as against the host (36%) on which they were reared. In the case 
of unconditioned parasitoids, the 32 per cent parasitisation on O. arenosella is an 
innate response of the parasitoid while it was 68% on C. cephalonica. Navarajan Paul 
et al. (1979) reported that G. nephantidis when continuously reared on C. cephalonica 
did not develop host adaptability and it was able to parasitize the O. arenosella larvae 
readily when available. 


Since chi square is 10.25 (P < 0.01) (d.f. 49), the difference between the two sets 
(conditioned and unconditioned) is significant this justifies the imaginal conditioning 
in G. nephantidis. Conditioned parasitoids do not show any diminution in their ability 
to parasitize C. cephalonica, but there is a significant reduction in the proportion 
that parasitize C. cephalonica when they were exposed to both O. arenosella and C. 
cephalonica. The innate response (32 per cent) in the unconditioned parasitoids was 
increased by 64 per cent due to conditioning effect. This indicates that attraction to 
odours in the imago that develops after eclosion (conditioning) is partly induced and 
partly constitutive. The induced response is specific to the conditioning odour and this 
proves that the G. nephantidis has the ability to learn. Adult Nemaeritis that emerged 
from the natural host Ephestia were confined in an apparatus through which air was 
pumped from source containing living Meliphora larvae. Olfactory assay of Nemeretis 
showed that it had positive response to Meliphora larvae to which it had no previous 
experience (Thorpe, 1939). 

Improvement of the physiological state and the behaviour can enhance the G. 
nephantidis efficacy in managing the O. arenosella in the field. Though C. ceplialonica 
is an ideal host for mass multiplication of the parasitoid in the laboratory, continuous 
laboratory rearing of G. nephantidis causes inherited response to host from which 
it had emerged but their preference can be altered by mere exposure to the odour 
cues of O. arenosella without any physical contact. This would help the parasitoids 
to search for the host and parasitize it in the field with ease. Though the conditioned 
G. nephantidis shows the ability to learn, the duration of conditioning required for 
effective learning and the decay rate of the memory in G. nephantidis needs to be 
studied. 
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ABSTRACT: Bactrocera dorsalis collected in Steiner type traps in 2001, 2002 showed 
that the population increased from April, reached the peak in June and got signifi- 
cantly reduced by August. From September to March the catch was low. Maximum 
and minimum temperatures, rainfall and relative humidity at 14 hrs showed a positive 
and significant correlation with fly population while morning relative humidity at 
7 hrs exhibited a negative correlation. © 2005 Association for Advancement of Entomology 
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The oriental fruit fly, Bactrocera dorsalis (Hendel) is distributed throughout India and 
causes enormous losses to a number of fruit and vegetable crops. Population studies 
form an important componeht of the integrated control programme, providing the key 
to a precise understanding of the natural abundance of the pest. Most works pertaining 
to the study of population dynamics of fruit flies have been done by using attractants 
in traps and different types of traps and attractants have been used for this purpose. 
The present investigations were carried out during 2001 and 2002. 

In order to ascertain the trend of population fluctuation of adults of Bactrocera 
dorsalis, trapping of adult flies was done by using bait, attractant and insecticide 
mixtures. Cotton wicks impregnated with combination consisting of Soya powder (2 g) 
+ malathion 50 EC (1 ml) and methyl eugenol (1 ml) were suspended in Steiner type 
traps. 

These traps were labeled and hanged below trees in places having no direct 
sunlight. Collection of flies was done at three collection centers and fly population was 
determined in terms of adult males as only males are attracted toward the attractant. 
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TABLE |. Mean weekly population of Bactrocera 
dorsalis during different months 


Months Mean weekly fly Mean weekly fly 
population* (2001) — population* (2002) 
January 1.00 1.50 
February 2.00 2.50 
March 9.20 6.00 
April 19.50 19.75 
May 51.40 50.80 
June 85.75 81.25 
July 69.75 51.00 
August 22.20 22.20 
September 6.50 15.25 
October 4.50 7.25 
November 3.80 4.20 
December 0.00 0.00 


*Mean of three replications. 


The traps were replenished at 15 days intervals, and the adult flies were collected 
and counted at weekly intervals. Observations were taken during 2001 and 2002 
and the data were analyzed statistically. For determining the quantitative relationship 
between fly population and weather parameters, viz. maximum temperature (X), 
minimum temperature (X2), morning relative humidity at 7 hrs. (X3), afternoon 
relative humidity at 14 hrs. (X4) and rainfall (Xs) were taken as independents 
variables. Correlation and regression coefficients were determined by taking fly 
population as dependent variables. 

In 2001 no fly was trapped in the month of December, mid-January and first 
fortnight of October. The mean fly population was very low during January-March 
and September-November. From the mid-March an increasing trend in fly population 
was observed which reached at its peak in second week of June, and thereafter a 
decreasing trend was observed. During May-July maximum numbers of flies were 
trapped. Maximum numbers of flies were trapped in June followed by July, while 
less than 10.0 flies/trap/week were trapped from January-March and September- 
November (Table 1). 

In 2002 fly population had a similar trend as in previous year. No fly was trapped 
in the month of December and only a few flies were trapped during January-March 
and September-November. Mean weekly fly population was at its peak in June while 
during May and July it was at par. In this year also «10.0 flies/trap/week were 
trapped during January-March and October-November (Table 1). These findings are 
in accordance with results of Gupta et al. (1990) who reported its peak activity during 
third week of June to second week of July in mid-hill regions of Himachal Pradesh. 
Shah et al. (1948) reported that in Pakistan the fly breeds continuously throughout the 
year except a short period in winter. 
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The pooled mean of weather factors and mean fly population of both the years 
indicated that fly population had a positive and significant correlation with maximum 
temperature (r = 0.583**), minimum temperature (r = 0.664**), relative humidity 
at 14 hrs (r = 0.344**) and rainfall (r = 0.408**) while negative correlation 
(r = —0.271) was observed with relative humidity at 7 hrs. The coefficient 
of determination R^ was 0.4780 and values of regression coefficients determined 
for pooled means of weather factors were —3.74X M, 5.22X5M. —1.311 X3M, 
—0.44X4M and —0.02 X5M. Messenger and Flitters (1958) reported that maximum 
hatching of B. dorsalis eggs occurred in the range of 18.3-33.6?C. The present 
findings got support from his result, as only a few flies were available when the 
temperature conditions were beyond this range. Prasad et al. (1978), Bagle and Prasad 
(1983) reported maximum fly population during March-June at Bangalore. They 
found that the fly population had a positive and significant correlation with maximum 
temperature and negative and significant correlation with minimum temperature and 
relative humidity. 
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ABSTRACT: The growth and modulation of midgut proteases of cardamom shoot and 
capsule borer larvae, Conogethes punctiferalis Guen. were determined after having 
fed with the proteinaceous proteinase inhibitor, aprotinin. Inclusion of aprotinin 
(150 uM) in cardamom shoots used as feed resulted in a significant reduction of 
body weight in larvae by day 4 compared to that of control insects. Specific activities 
of two serine proteinases viz., trypsin, and elastase-like chymotrypsin were reduced 
in aprotinin-fed insects after two days of feeding. Meanwhile, specific activity of 
leucine aminopeptidase (LpNA-hydrolyzing) revealed an increase in aprotinin-fed 
larvae. The effect of aprotinin in protein digestion and its potential for protecting 
against cardamom borer was discussed. © 2005 Association tor Advancement of Entomology 


KEYWORDS: Cardamom, Conogethes punctiferalis, midgut proteases, aprotinin 


INTRODUCTION 


Serine protease activity has been found in a wide variety of lepidopteran pests and 
many of these proteases are inhibited by serine protease inhibitors (Johnston et al., 
1991; Christeller et al., 2002). Various serine protease inhibitors have also been 
shown to adversely affect the growth and development of lepidopteran larvae (Hilder 
et al., 1987; Johnston et al., 1993; Gatehouse et al., 2000). The most effective 
proteinase inhibitor in terms of retardation of growth of the insects was aprotinin, 
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bovine pancreatic trypsin inhibitor (BPTI), which inhibits serine proteases such as 
trypsin, chymotrypsin, plasmin and kallikrein (Zhong et al., 1999). BPTI, when 
included in artificial diet, decreased the growth rate and increased the mortality of 
economically important insect pests. The growth and development of Porina larvae 
Wiseana cervinata, a major pest of New Zealand pastures (Burgess et al., 1993) were 
decreased by BPTI. Larval growth rate of tomato fruit worm (Helicoverpa armigera) 
is significantly reduced by artificial diet spiked with 0.3% BPTI and on a diet of Lotus 
corniculatus leaves painted with BPTI (Burgess et al., 1993). Aprotinin also inhibited 
the growth of Argentine stem weevil, Listronotus bonariensis when administered 
continuously in artificial diets to neonate or one-week-old larvae (Todd et al., 2002). 
The expression of aprotinin in transgenic tobacco leaves at 0.5% total soluble protein 
reduced both the survival and growth of cotton bollworm, Helicoverpa armigera 
(Hübner) larvae (Christeller et al., 2002). The present paper details results from 
bioassay guided feeding experiments that determined the effects of aprotinin on larval 
weight of cardamom shoot and capsule borer, C. punctiferalis and the modulation of 
luminal proteases due to aprotinin. 


All chemicals were obtained from Sigma, USA. Field strains of cardamom shoot 
and capsule borer were collected from the research farm of Cardamom Research 
Station, Kerala Agricultural University, Pampadumpara, Kerala, India situated at 
an elevation of 1100 metres above MSL. This population has been maintained on 
cardamom shoots under optimum rearing conditions of 26 + 2°C, 60-70% RH and 
photoperiod of 14 h light and 10 h dark regime as per Kumaresan et al. (1988). Studies 
on the effect of aprotinin on larval body weight of C. punctiferalis were carried out 
using early fifth-instar larvae (first day after moulting) of known weight (30 mg). At 
the time of collection larvae were weighed and divided into control and experimental 
groups. The larvae were individually placed in small airtight plastic cylinders (2 cm 
dia x7 cm high) with cardamom shoot (inner whorl) of 4 cm as food source. Treated 
shoot were coated with 0.25 ml of 150 M aprotinin. Small air holes were made on 
the lids for gas exchange. Foods were provided daily and in cases where little diet 
was eaten the food was changed every two days to reduce microbial contamination. 
Twenty larvae were maintained for control and treatment and individual weight were 
monitored on each day till pupation. 


In order to determine the digestive protease activity in larvae, at the conclusion 
of two days after feeding on cardamom shoots coated with aprotinin, individual guts 
of cold-anesthetized larvae belonging to control and treatment groups were dissected 
out, cleaned with tissue paper and gently pressed to remove food stuff, weighed in 
Eppendorf tubes and stored at —20°C. Three individual guts formed one replication 
and five such replications were maintained. Guts were homogenized in a plastic 
homogenizer in 150 jl of ice-cold 20 mM Tris-HCl buffer (pH 8.0). Homogenates 
were clarified to remove particulate matter by centrifugation at 12, 000 x g for 
15 minutes at 4?C. Supernatants were transferred to clean tubes, clarified again by 
the same procedure, stored at —20°C for use in activity assays. Activities of serine- 
type endopeptidases, particularly trypsin (EC 3.4.21.4), chymotrypsin (EC 3.4.21.1), 
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TABLE |. Digestive protease specific activity levels (nmole/min/mg protein) in C. 
punctiferalis as influenced by aprotinin 


Protease (N — 5) Control Aprotinin (2 days 
after treatment) 
Trypsin-like (BA pNA-hydrolysing) *152.22 + 10.61 47.79 + 5.66 
Chymotrypsin-like (BTpNA-hydrolysing) 14.99 + 3.95 10.22 + 5.78 
Elastase-like (SAAL pNA-hydrolysing) *65.24 + 2.73 15.81 + 4.91 


Leucine aminopeptidase (LpNA-hydrolysing) *193.66 + 15.77 291.63 + 12.26 


*Significant at t < 0.05. 


elastase-like chymotrypsin and an exopepetidase, leucine aminopeptidase (LAP) were 
assayed using the substrates, benzoyl-arg- p-nitroanilide (BApNA), benzoyl-tyr- p- 
nitroanilide (BT pNA), succinyl-ala-ala-pro-leu- p-nitroanilide(SAAPLpNA) and leu- 
p-nitroanilide (LpNA), following the method of Burgess et al. (2002). The enzyme 
activities were determined as reported earlier (Thangam and Rajkumar, 2002). Total 
protein in the gut extract was determined according to the method of Bradford (1976) 
using bovine serum albumin as standard. Specific activity was represented as activity 
per mg protein. All data sets were analyzed for significant differences by Student's 
t-test when two sets of mean values are available for comparison, at a probability level 
of P = 0.05 (Panse and Sukhatme, 1985). 

In feeding experiments, control larvae gained maximum weight on day 4 and prior 
to pupation the larval weight slightly declined (Fig. 1). Inclusion of aprotinin in car- 
damom shoots resulted in a significant reduction in larval body weight, when com- 
pared with that of control insects. The effect is marked, effecting a reduction of 7196 
of body weight by day 4 (t « 0.05, Fig. 1). Aprotinin had no effect on larval mor- 
tality. It is evident from Table 1 that specific activities of two serine-type endopep- 
tidases assayed viz., trypsin and elastase from the control group of C. punctiferalis 
lumen were found higher than the aprotinin-fed counterparts. However, with regard 
to the only exopeptidase, leucine aminopeptidase analysed, the specific activity was 
lowest for control larvae (193.66 nmole/min/mg protein) and approximately doubled 
for aprotinin-fed larvae. Trpysin (BApNA-hydrolysing) activity was highest (152.22 
nmole/min/mg protein) for control larvae and approximately reduced three folds for 
larvae exposed to aprotinin-painted cardamom shoots. Though not significant, chy- 
motrypsin (BTpNA-hydrolysing) activity was also higher (14.99 nmole/min/mg pro- 
tein) for control larvae than that of larvae fed on aprotinin-painted shoots. Specific 
activity of elastase (SAALpNA-hydrolysing) was highest (65.24 nmole/min/mg pro- 
tein) for control larvae and approximately reduced four times for larvae exposed to 
aprotinin-painted cardamom shoots. 

Feeding trials with pure enzyme inhibitors provided valuable information about the 
role played by the affected enzymes in the insect's digestive system. The effectiveness 
of aprotinin in inhibiting the midgut proteases of C. punctiferalis and in affecting larval 
weight suggests that these proteases are very important for general protein digestion. 
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FIGURE 1. Larval body weight of Cardamom Shoot and Capsule Borer Fed on Shoots coated 
with Aprotinin. 


Three serine proteinases have been identified in the digestive tract of Spodoptera litura 
on the basis of caseinolytic activity (Ahmed et al., 1980). Our results are also in 
corroboration with their findings reporting the presence of trypsin, chymotrypsin and 
elastase-like chymotrypsin in the midgut of C. punctiferalis. 

Examination of various digestive proteases from the aprotinin-fed C. punctiferalis 
larvae, showed a significant reduction of tryptic as well as elastase-like activity as 
observed in H. armigera larvae fed with a strong inhibitor of chymotrypsin/elasatse 
(Gatehouse er al., 2002). It was found that feeding H. armigera larvae on artificial 
diet containing 0.234 mM soybean trypsin inhibitor significantly reduced trypsin-like 
enzyme activities in gut contents (Johnston et al., 1993). In our bioassay study, specific 
activities of two serine endopetidases were inhibited by aprotinin the maximum being 
for elastase followed by trypsin. Thus, aprotinin has greater affinity for elastase 
than trypsin among the digestive proteinases in C. punctiferalis. The modulation 
of these proteinases has definitely altered the larval weight of C. punctiferalis and 
thereafter resulted in poor weight gain due to interference with normal proteolysis, 
and effectively starving the larvae of protein or, more likely essential amino acids. 
Aprotinin-fed C. punctiferalis larvae may have had reduced protease secretion because 
they were not feeding as frequently or ingesting as much food as the control group. 

In contrast to the present study, Broadway and Duffey (1986) found that the 
proteinase inhibitors in the diet of Heliothis zea and Spodoptera exigua as well as 
in Lasioderma serricorne (Oppert et al., 2002) stimulated levels of tryptic activity 
in the guts of these larvae. The increase in leucine aminopeptidase activity due 
to aprotinin feeding may be related to compensatory mechanisms associated with 
either increased production of inhibitor-sensitive proteinases or the synthesis of novel 
inhibitor-insensitive proteinases. Results of the present study indicate that protein 
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digestion in C. punctiferalis is primarily due to serine proteinases that are sensitive 
to aprotinin. Specific activities of elastase and trypsin were drastically inhibited by 
aprotinin in feeding bioassays. It is therefore important to target these enzymes for the 
development of effective biopesticides. 
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ABSTRACT: Three resistant strains (malathion-resistant, endosulfan-resistant and 
fenvalerate-resistant) of Plutella xylostella were selected in the laboratory by 
subjecting them to selection pressure of these insecticides in the 3rd larval instar for 
13 generations. The biology of these strains was compared with that of a susceptible 
strain (with out selection pressure). Resistant strains had shorter developmental 
period and with no adverse affect on fecundity and survival of eggs, larvae and pupae. 
© 2005 Association for Advancement of Entomology 
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The diamondback moth, Plutella xylostella L. is a notorious pest of cruciferous crops 
and has become resistant to almost all groups of insecticides (Talekar and Shelton, 
1993; Verkerk and Wright, 1996). Continuous use of insecticides has often resulted 
in changes in the biological characteristic of the selected strains (Campanhola er al., 
1991; O’Brien and Graves, 1992; Yamada et al., 1993; Kumar and Kumar, 1997). 
The assessment of changes in the biological characteristics of populations resistant to 
insecticides is very important in the management of pest populations and hence this 
work. 

Four strains viz., malathion-resistant (MR), endosulfan-resistant (ER), fenvalerate- 
resistant (FR) and susceptible (S) strains of P. xylostella (L.) were derived from the 
pool of 13 populations collected from different vegetable growing areas of Himachal 
Pradesh and reared in the laboratory for 14 generations with and without insecticidal 
pressure. The resistant strains were 27.32, 29.96 and 19.06-fold resistant to malathion, 
endosulfan and fenvalerate, respectively as compared to the susceptible strain. Biology 
of the four strains was studied at 28 + 1°C and 70 + 5% relative humidity by rearing 
larvae on fresh excise leaves of cabbage up to adult stage. The adults were held in 
oviposition cages (27 x 21 x 21 cm) and provided with 10% sugar solution as food 
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in cotton swabs. An excised leaf of the cabbage with its petiole dipped in water in a 
glass tube was exposed overnight to adult for oviposition. Cabbage leaves containing 
freshly laid eggs (200—250 eggs/strain) were kept over a moist filter paper in separate 
Petri dishes (diameter 8 cm) to record their incubation period and viability. For larval 
period, just hatched larvae were released into plastic container (12 x 9.5 cm) by 
providing fresh cabbage leaves as food. Observations were recorded daily to work 
out the duration of different instars. The pupal period was recorded on newly formed 
pupae kept in plastic tube (12 x 2.5 cm). The data for larval and pupal parameters were 
based on 10 replicates/strain. Total time spent to complete development from egg to 
adult stage was recorded as the total developmental period. 


For recording observations on pre-oviposition period, oviposition period and 
fecundity, newly emerged moths were released in pairs (males and females) on the 
excised leaves of cabbage as per the method described by Sood et al. (1996). One pair 
of the moth was released in each glass chimney (30 x 20 cm) with ten replicates for 
the treatment. Cotton swabs soaked in 10 per cent sugar solution were kept in each 
chimney as food for adults. The mouth of each chimney was closed with a piece of 
muslin cloth held by rubber band. The eggs were laid on leaves and also the walls 
of the chimneys. The eggs were counted, gently detached and kept for subsequent 
observations. The process continued till the female moth died. 


Data were statistically analyzed by using completely randomized design (Cochran 
and Cox, 1963). 


Data on the biological characteristics of the four strains are given in the Table 1. 
Data showed that the three resistant strains had significantly longer incubation 
period, and shorter larval and pupal periods than the susceptible strain. The total 
developmental period of the resistant strains was also significantly shorter than the 
susceptible strain which was mainly due to shorter larval and pupal periods of 
these strains. However, there were no significant differences among the resistant and 
susceptible strains for per cent survival of eggs, larval and pupae. Resistant and 
susceptible strains also did not differ among themselves for the duration of pre- 
oviposition and ovipostion periods, and for fecundity. Selection for resistance to 
insecticides has often resulted into change in the biological characteristics of resistant 
strains and these varies among different species of insects. Kumar and Bhatia (1983) 
reported that lindane resistant strains of Tribolium castaneum (Herbst) reared with 
or without insecticide pressure had 3-4 days shorter developmental duration than the 
susceptible one. After prolonged exposure to this insecticide, the insect had become 
biologically superior by having significantly shorter larval period. Similar observation 
was made earlier in case of malathion-resistant strain of T. castaneum which had a 
shorter oviposition and larval periods and greater fecundity (Verma and Ram, 1973). 
Yamada et al. (1993) also reported that P. xylostella after 14 generations of selection 
with chlorfluazuron had become biologically superior by having higher intrinsic rate 
of natural increase, shorter generation times and higher reproduction rate. Contrary to 
present finding, Saito et al. (1992) reported that the biology of strains of P. xylostella 
susceptible and resistant to synthetic pyrethroids was found to be similar. A decrease 
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in biological potential has been reported by Thomas and Brazzel (1961) with endrin 
in Anthonomous grandis (Boh.), Llyod and Parkin (1963) with pyrethrins, Upitis et 
al. (1973) with methyl bromide in Sitophilus granarius (L.); Bansode (1974) with 
malathion, Tewari and Pandey (1971) with p,p’- DDT and malathion in Sitophilus 
oryzae (L.); Bhatia and Pradhan (1968) with p, p’- DDT in T. castaneum (Herbst); 
Senapati and Satpathy (1981) with malathion and carbary] in Epilachana (Fab.), 
Campanhola et al. (1991) with pyrethroids in Heliothis virescens (Hubner). Kumar and 
Kumar (1997) in Epilachna vigintioctopunctata (F.) reported that total developmental 
period of resistant strains was significantly longer than the susceptible strain by having 
longer incubation, larval and pupal period. 


The present findings thus reveal that if selection with malathion, endosulfan 
and fenvalerate over a prolonged period takes place in the field population of P. 
xylostella, the population of the resistant strains is likely to increase with greater speed. 
Consequently, resistant strains will become abundant in nature. These findings offer a 
possible explanation for the predominance of resistant insects after the introduction of 
insecticides. The development of resistance to malathion, endosulfan and fenvalerate 
in the field populations of insects can create a serious problem. 
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ABSTRACT: Administration of precocene II to pupal instar of flesh fly, Sarcophaga 
ruficornis results into metathetely or JH-agonist effects such as inhibition of eclosion, 
ecdysial failure, formation of deformed adult flies and pupal-adult intermediates. 
It is found that precocene can disrupt metamorphosis when JH level is decreased. 
(C) 2005 Association for Advancement of Entomology 


KEYWORDS: Precocene II, imaginal differentiation, metathetely, S. ruficornis 


Administration of precocenes to larval instars of holometabolous insects resulted 
into prothetely (Srivastava and Kumar, 1996), metathetely (Santha and Nair, 1986; 
Binder and Bowers, 1993; Srivastava and Kumar, 1997, 1999) or both prothetely and 
metathetely (Khan and Kumar, 2003). However, the pupal instars of holometabolous 
insects are apparently insensitive to precocenes due to decreased JH level (Hsiao 
and Hsiao, 1977; Walker and Denlinger, 1980) as precocenes are effective only 
when corpus allatum is actively synthesizing JH and free from any inhibitory control 
(Unnithan and Nair, 1979; Masner et al., 1979; Farag and Varjas, 1981). But in 
viviparous cockroach, Diploptera punctata, it has been demonstrated that precocenes 
exert an inhibitory effect on the corpus allatum irrespective of synthesis or release 
of juvenile hormone (Feyereisen et al., 1981). In the last instar larvae of flesh fly, 
Sarcophaga ruficornis, precocenes induce prothetely (Srivastava and Kumar, 1996). In 
the present study, pupae of this insect are subjected to precocene treatment, as studies 
on this aspect are rare. 

Sarcophaga ruficornis was reared in the laboratory at 27 + 1°C. Larvae were 
given fresh and frozen slices of goat's kidney for feeding. When the last instar larvae 
rounded up to form white and barrel shaped puparia, they were separated from the 
stock. Although larval-pupal apolysis occurs subsequent to puparium formation, for 
convenience, the age of pupae, was counted with the onset of puparium formation. 
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TABLE 1. Effect of administration of precocene II to pupae of Sarcophaga 


ruficornis 
Age of Dose No. of % % % % % 
pupae (ug) pupae Inhibition Ecdysial Pupal-adult Deformed Normal 
(hr) treated of failure intermediates flies flies 
eclosion (a) (b) (c) (d) (e) emerged emerged 
44-48 75 30 _ 20 — — — - - = 80 
(total) 
100 30 20 - - — - - = _ 80 
150 30 10 _ - 20 ~ - - _ 70 
200 30 10 50 10 10 - - - 10 10 
(partial) 
70-74 75 30 _ _ ---- - _ 100 
100 30 10 _ - - - - 10 10 70 
150 30 05 - — 20 - 20 30 - 25 
200 30 10 _ 10 10 20 - - 30 20 


Control - 15 - - - — — - - _ 100 


Precocene II (6,7-dimethoxy-2,2-dimethyl chromene; ALD 19491-3, Aldrich 
Chemical Co., U.S.A.) was dissolved and diluted in acetone to obtain different 
concentrations in ] ul acetone. Pupae of S. ruficornis (44-48 hr and 70-74 hr; 
phanerocephalic stage) each were topically treated with 75, 100, 150 and 200 ug 
of precocene II according to the method used by Srivastava and Gilbert (1969). A 
2 mm? portion of the puparium was carefully removed from the dorsal side above the 
abdomen and | ul of acetone containing different concentrations of the compound 
was topically applied on the abdomen using a Hamilton syringe. After 30 min, a larger 
piece of puparium from the pupa of similar age was grafted on the cut portion and 
sealed in place with molten wax. Control pupae were treated similarly with acetone 
only. When controls had emerged, treated puparia were opened to take out the insects 
and they were examined for any deviation from normal development. 

Administration of different dosages of precocene II to 44—48 hr and 70—74 hr old 
pupae of S. ruficornis resulted into metathetely. These metathetelic effects have been 
summarized in Table 1. 

Administration of precocene II to pupae of flesh fly resulted into emergence of adult 
flies with deformed and disorganized mouth parts, legs and crumpled wings. These 
flies were produced at a higher dose of 200 wg in case of 44—48 hr old pupae and at a 
dosage of 100 ug and 200 ug when administered to 70-74 hr old pupae. Also these 
flies could not survive and hence died within 2 hrs of emergence (Fig. 1). 

Adult flies were unable to come out of the puparia when treated with precocene II 
and thus eclosion was inhibited. This occurred at all the doses of precocene II except at 
75 ug dosage (Fig. 2). When 44-48 hr old pupae were treated with 75 ug of precocene 
II, 20% fully developed adult flies were found completely enclosed in pupal cuticle 
and thus suffering from total ecdysial failure. But when the pupae were treated with 
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FIGURE 1. Adult fly with deformed mouth parts, legs and crumpled wings. 


FIGURE 2. Adult fly showing inhibition of eclosion [Bar = 1 mm]. 


200 ug of precocene II, fragments of pupal exuviae were found attached to different 
parts of the body in 50% adult flies and thus exhibiting only partial ecdysial failure. 
Administration of precocene II to 44-48 hr and 70-74 hr old pupae of S. ruficornis 
resulted into pupal-adult intermediates. Depending upon the extent of differentiation 
of imaginal characters, these intermediates could be broadly classified into following 
grades: 


(a) Whole body white, smooth and pupal in appearance without hairs and bristles, 
antennae not developed; mouth parts in the form of a protuberance; legs pupal; 
wings cylindrical; genitalia not developed. 

(b) Head and thorax had adult cuticle bearing less hairs and bristles whereas the 
abdomen was white, smooth and appeared pupal, except with a darkened and 
sclerotized patch of cuticle on the dorsal surface; genitalia failed to develop. 
The waste product of pupal metabolism, meconium, accumulated at the tip of 
abdomen. Fragments of pupal cuticle were found attached to different parts of 
the body. 
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(c) Abdomen was partly pupal with less sclerotization and reduced number of hairs 
and bristles whereas head and thorax were similar to normal adult. Pupal exuviae 
were attached to body . 


(d) Whole thorax or a white patch on pronotum was devoid of tanning or sclerotiza- 
tion and with reduced number of hairs and bristles. Fragments of pupal exuviae 
were attached to different parts of the body. 


(e) Normal adults except with reduced number of hairs and bristles and fragments of 
pupal cuticle attached to different parts of the body. 


Administration of different concentrations of precocene II to pupae of S. ruficornis 
produced JH agonistic effects such as, inhibition of eclosion, ecdysial failure, forma- 
tion of deformed adult flies and pupal-adult intermediates of varying grades. In several 
other insects also application of precocene II produces metathetely. In Locusta migra- 
toria, precocene induced metathetelic effects include formation of adultoids and su- 
pernumerary larvae and it has been suggested that these effects were due to the release 
of juvenile hormone during the breakdown of the glands (Miall and Mordue, 1980). 
Azambuja et al. (1984) and Garcia et al. (1988) also reported inhibition of ecdysis, a 
metathetelic effect, in Rhodnius prolixus and attributed it as a direct effect of precocene 
on the prothoracic glands. Normal adult flies produced by the treatment of 44—48 hr 
pupae of S. ruficornis with 75 ug and 200 ug precocene [I were unable to shed off 
pupal exuviae and this demonstrates the decreased activity of eclosion hormone which 
is produced by the brain and is responsible for freeing the adult body from pupal cu- 
ticle (Novak, 1975). Similarly pupal-adult intermediates also suffered from ecdysial 
failure. Precocene sensitivity of flesh fly pupae is dose dependent and age dependent. 
There is a greater suppression of imaginal differentiation with the increase in dose 
as intermediates with pupal characters are formed at a higher dose of 200 ug. With 
the increase in dose, percentage of normal flies emerging also decreases. Moreover, 
treatment of younger pupae severely disrupts moulting process even at a lower dose of 
75 ug but this is not the case when older pupae are treated. Binder and Bowers (1993) 
also observed that younger last instar larvae of Helicoverpa zea were more sensitive 
to precocene H as compared to older larvae. The present study demonstrates that pre- 
cocene is effective in disrupting moulting and metamorphosis when administered to 
pupae in appropriate doses and at appropriate time and this supports the contention of 
Feyereisen et al. (1981) that precocene can even act when corpus allatum activity is 
low. It appears that in dipterans, precocene administered at pupal stage of flesh fly S. 
ruficornis disrupted brain neurohormones especially, eclosion hormone and bursicon 
and hence imaginal differentiation and normal eclosion were affected. 
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